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THE MAGIC OF A NAME 


ROM its earliest beginnings, the field covered by 

The Institution has been one of rapid growth, as 

witnessed by its two alterations in title in the first 

17 years before becoming The Institution of 
Electrical Engineers in 1888, and by the formation in 
turn between the years 1919 and 1941 of the four 
specialized Sections. It is interesting to note that each 
of these Sections has had at least one change of name. 
After three moves, the oldest of them, which began life 
as the Wireless Section, has now, by a decision of the 
Council on the 5th February 1959, become the Elec- 
tronics and Communications Section. 

The first change in 1944 to the Radio Section was an 
acknowledgment that the word ‘radio’ had largely dis- 
placed ‘wireless’ in common parlance and that it had a 
wider significance in keeping with the rapidly developing 
compass of the Section. The enlargement in 1955 to 
the Radio and Telecommunication Section marked the 
incorporation within its field of line communication. 
On the present occasion, the choice of the new title 
‘Electronics and Communications Section’ should not be 
read to imply any change in scope, as the many applica- 
tions of electronics which fall within the province of 
other Sections will continue to be discussed by them as 
before. 

It may therefore be wondered why the change was 
made at all, especially within four years of the previous 
alteration. It was in fact based on the recognition that 
the term ‘electronic engineering’ is now widely used for 
certain aspects of electrical engineering that include most 
of the art, science and technology which have been 
catered for within The Institution by the Radio and 
Telecommunication Section. 

However much the common usage of the word 
‘electronics’ may differ from the British Standards 
Institution definition, it is now so firmly entrenched in 


general scientific and technological thinking as to have 
nurtured the illusion that the electronics engineer need 
not necessarily regard himself as an electrical engineer. 
Indeed, the distortion of terms proceeds to the point 
where the electrical engineer may be thought of solely 
as someone engaged in heavy-current engineering. 

Erroneous as this idea is, it is naively accepted 
without question by a number of electrical engineers and 
prospective engineers, so that a proportion of those who 
apply their interest in the direction of electronics do not 
realize automatically that The Institution is their proper 
professional home; nor are they necessarily right to 
assume that they do not hold the necessary qualifications 
for membership. 

The change in name of the Radio and Telecommunica- 
tion Section is therefore a timely move to help these 
engineers to recognize The Institution as the place where 
facilities are established for keeping in touch with the 
latest developments in electronics and where ideas are 
exchanged with co-workers not only on a national but 
also on an international level, with the added advantage 
of the setting within the broad integrated sphere of 
electrical engineering as a whole. It is a new signpost, 
not a change of direction. 

Some reserve was naturally felt about the introduction 
of such a general term as ‘electronics’ into the title of 
one of the specialized Sections, since in a sense the word 
embraces the whole of electrical engineering regarded 
as dealing with currents of moving electrons. It was even 
suggested that a new Electronics Section should be 
formed. This, however, would have taken some con- 
siderable time to implement, even assuming that it was 
agreed in principle that such a further sectionalization 
of The Institution was desirable; while it was felt that the 
matter was one of urgency in view, for instance, of the 
forthcoming International Transistor Convention in May. 
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The change of name is not, of course, the embracing 
by The Institution of a different field of activity but an 
acknowledgment that the vast field of electronics, 
which largely owes its origins to the development of the 
radio art, has naturally found its expression in the 
publications and meetings of The Institution and more 
especially within the activities of the Radio and Tele- 
communication Section. Indeed, this is obvious from a 
study of the scopes of the Sections as defined by the 
Council. The introduction of the word ‘electronics’ into 
the title brings this fact into the prominence needed to 
establish a communication of reality between The 
Institution and the outside electronics engineer. 

It is inevitable, and indeed to be welcomed, that there 
should be some overlapping of the spheres of the Sections. 
In this era of conventions sponsored by the individual 
Sections, it is a matter of convenience that papers should 
be grouped together, some few of which might other- 
wise have found their way to another Section, the 
primary point being that they are all contained within 
the ambit of The Institution. The term ‘electronics’ in 
the new name gives the opportunity of even closer liaison 
between the Sections, with the prospect of more joint 
meetings, not only within the ‘light’ or ‘heavy’ groups 
but also for the exchange of information between these 
two main streams of activity within The Institution. 

Some regret has been expressed at the loss of the word 
‘radio’, with its neat sound and its historical associations. 
There is in this something of the sentiment that wished 
to retain the original word ‘wireless’, but the decision to 


drop ‘radio’ from the title was taken in the interests of 
brevity and in the knowledge that radio is really con. 
tained within ‘communications’. The removal, too, of 
the prefix ‘tele’ was justified by the argument that 
‘communications’ is to be interpreted within the context 
of electrical engineering. 

Any fear that subjects such as radar and navigational 
aids that have been closely associated with radio may be 
lost with the change of designation can be taken care of 
in an appropriate clarification of the scope of the Section, 
since in any case no reasonably short name can convey 
all the facets of the art. 

The change of title without any change in compass of 
the Section has enabled The Institution to take the 
unprecedented step of effecting it forthwith in the middle 
of a session. Admittedly, it has posed a number of 
administrative problems, but the speed of action is a 
measure of the urgency felt, in the face of the rapid 
advances in electronic technology, of the need for 
focusing attention on the fact that The Institution has 
from its beginnings as the Society of Telegraph Engineers 
exemplified the true place of electronic engineering 
within the field of electrical engineering. 

It is the peculiar strength of The Institution that it 
provides a forum for the advancement of electrical 
engineering in its widest sense. May the change of name 
help to remove any sense of lack of affinity between the 
light and heavy aspects and to foster their mutual 
relationship to the enrichment of the science and of the 
membership as a whole. 





Reconstruction of the Institution Building 


IN the light of the continued improvement in the general 
economic situation since the last report was made to 
members in the October 1958 Journal (p. 565), close 
consideration has been given to the possibility of under- 
taking at an early date the whole of the two remaining 
phases of the scheme for reconstruction of the Institution 
building, phase | being now well under way. 

As a result of the recent discussions the Council have 
accepted the view of the Finance Committee that it would 
be financially advantageous to complete the whole 
scheme as quickly as possible, and the necessary arrange- 
ments will, it is expected, be made very shortly. 

Under this speedier and more convenient plan, phases 
2 and 3 of the scheme will be merged; this will give the 
advantage that the enlargement of the Lecture Theatre 
can be started earlier than was previously planned, and 
the additional meeting room on the ground floor will also 
be available sooner than was expected. In the programme 
of work on these lines the enlargement of the Lecture 
Theatre has had to be divided into two parts in order 
to reduce the interference with the normal sessional 
programmes. 
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The first part, which will consist of inserting a new 
floor, setting back the north wall, installing a new pro- 
jection room, and making certain preparatory arrange- 
ments on the east and west walls for the subsequent 
addition of the ground-level wings and the galleries, 
will be carried out between April and September 1959. 
Thus it will only be in the last seven weeks of the current 
session that any interference with the normal programme 
will occur; and in this period the meetings will take place 
in other parts of the building, mainly in the Tea and 
Common Rooms, with the exception of the Kelvin 
Lecture on the 23rd April, the Convention on Thermo- 
nuclear processes on the 29th-30th April, and the Annual 
General Meeting on the 14th May 1959, which will be 
held at The Institution of Civil Engineers. 

The second part of the Lecture Theatre work, which 
will consist of the completion of the two wings and the 
galleries, will be carried out during the summer months 
of 1960. The additional meeting room will, it is hoped, be 
completed in the early months of 1960. 

A plan of the new layout of the ground floor appeared 
on p. 638 of the December 1957 Journal. 


JOURNAL J.E.B, 
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manpower in Great Britain’, published in 1956, is 
a report of the number and distribution of 
scientists and engineers employed in Great Britain and 
a study of the likely trend in the future demand for 
them. In this study, employers were asked to estimate 
the number of qualified scientists and engineers they 
expected to employ in 1959, on the assumption that the 
required number of recruits would be forthcoming. 
Paragraph 26 of the report says ‘In considering these 
statements of demand in 1959 it should be noted that 
employers’ estimates have presumably included not only 
an allowance for growth of output during the three years 
but also some allowance to meet the existing shortage 
of qualified scientists and engineers.” The summary of 
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Recruitment of professional electrical engineers 


331.024: 331.713:621.3 


If any topic in electrical engineering can be called the 
burning one of the hour, this subject of professional 
recruitment is surely it. The author, who is a Vice- 
President of The Institution, has done some hard thinking 
and research on a problem which some of us, too glibly, 
are inclined to think will solve itself in time. Mr. Lucas, 
who is with the British Thomson-Houston Co. Ltd., wrote 
the article between April and November 1958. 


G. S. C. LUCAS, 0.B.E., MEMBER 





requirements given in paragraph 29 of the report shows 
that the estimated required increase in the number of 
professional electrical engineers from 1956 to 1959 is 
29% of the 1956 figure. 


The yardstick 


The object of this article is to discuss how nearly the 
estimated increase of some 30% in three years is likely 
to be achieved. Before this can be done it is necessary 
to get an accurate yardstick of the present strength of 
the profession and the present rate of recruitment into it. 

The best yardstick or index is to be found in the 
growth in membership of The Institution. It is generally 
accepted that in Great Britain about 90% of all electrical 
engineers capable of becoming Corporate members are 
in fact Corporate members. The figures for various 
grades of membership and for home and oversea mem- 
bers are shown in Fig. 1. 

For the purpose of this study we are particularly 
interested in curves | and 2, which show the increase in 
professional manpower available from this country: the 
growth approximates very closely to compound-interest 
curves of 4-5% and 5-25% per annum, respectively. 
The term used is professional manpower available from 
this country, because it includes those who are educated 
and trained in this country and go oversea for employ- 
ment. The proportion who go oversea is quite high and 
during the past three years has reached approximately 
20% of all who apply for Graduate membership. 

Curve 1, applying to Corporate membership, is 
probably the most reliable single index of the rate of 
increase of the profession. With this as a starting point, 
the prospects for the future can be seen with fair 
accuracy. The rate of growth has been steady at approxi- 
mately 4-5% per annum over the past 25 years. Is it 
possible then in three years to quicken the rate of growth 
to give the 30 % increase which the White Paper concludes 
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membership for 1956 





is necessary ? A careful review of the recruitment statistics 
suggests that this increase in Corporate membership is 
unattainable without lowering the standards of entry to 
the profession. 

Alternatively, is it possible to improve the rate of 
recruitment of young men entering the profession as 
Graduate members so that the total of Corporate and 
Graduate members together, represented by curve 2, 
shows an increase of 30% in three years? The review 
shows that this also will be very difficult. 

The White Paper suggests that there is an immediate 
shortage superimposed on the natural expansion. 
Support for this view for the electrical industry arises 
from the fact that over the past 25 years a growth of 
4-5% per annum in professional manpower has accom- 
panied an increase in productivity of the industry of 
8-9% per annum. There appears to be every likelihood 
of the electrical industry developing at its present rate 
over the next 20 years, but there is no indication that 
the rate of expansion will increase materially. 

The Institution records indicate that when the survey 
was made, in 1956, 480 Graduate members were on 
National Service. As they were released they became 
available to industry. This does not affect the Institution 
records of recruitment to the profession; but it will make 
available to industry before 1960 more young men than 
are at present available, who should go some way 
towards meeting industry’s estimated shortage. The 
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ending of National Service will also ensure a faire 
distribution of new recruits to the profession throughoy 
industry and the Civil Service. 


Recruitment to the profession 

In studying recruitment to the profession we have ty 
distinguish between recruitment to Graduate member. 
ship and recruitment to Corporate membership ang 
consider the time lag between the two grades. The ap 
grouping of elections and transfers to Corporate member. 
ship in 1956 is shown in Fig. 2, from which it is cley 
that the average age of achieving Corporate membership 
is 30 years. Figures are also available which show tha 
the normal age of applicants for Graduate membership 
is 24 years, i.e. they apply two or three years afte 
satisfying the examination requirements. The intery 
between the two grades of membership is thus m 
average about six years. 

Fig. 3 gives an analysis of the sources from which 
recruits to Corporate membership flow. The curve 
show the successful applications: in 1956, out of 143) 
applicants, 1050 were successful; of these, 850 (abou 
81%) were transfers from Graduate to Corporat 
membership, the others being elections to Corporat 
membership. 

The area under the lowest curve represents the recruit 
ment over the past nine years from applicants who har 
successfully completed part-time courses. The am 
between the two lower curves represents the recruitment 
over the past nine years from applicants who har 
successfully completed full-time courses. The top are, 
ignoring line A, represents recruitment from othe 
courses (diplomas, the Institution examination, etc.). 

The solid exponential line A shows an annual increas 
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of 6:25%-. This rate of recruitment is necessary to 
maintain the rate of growth of the Corporate member- 
ship of The Institution at 4-5% and of the total member- 
ship at 5-25% per annum. The difference of 1% is 
accounted for by deaths, retirements and resignations. 

The exponential line A can be anchored to the recruit- 
ment curve at point X because we know that, in 1956, 
1050 candidates were successful in election or transfer 
to Corporate membership, and we also know that on an 
average there is 6-7 years’ interval between Graduate 
and Corporate membership. 

Fig. 3 gives us the answer to two questions, namely: 
Can the growth of Corporate membership be maintained 
at the present rate of 4-5% per annum? Can it be 
increased to 30% over three years? The answer to the 
first question is clearly that the rate of recruitment to 
Corporate membership is likely to be maintained at 
45% per annum for the next six years because of the 
present numbers and age distribution in the Graduate- 
membership grade. The rate may even increase slightly 
to between 4-5 and 5%, but there is nothing to suggest 
that it can increase to 30% in three years. 

If we cannot quickly increase the Corporate member- 
ship beyond the rate of 4-5% per annum, can we not at 
least increase the total membership by encouraging more 
young men to enter the profession as Graduate members? 
In other words, what are the prospects of increasing the 
recruitment in the future above line A in Fig. 3? 


Future recruitment to Graduate membership 
Fig. 3 shows the recruitment to the profession during 


' the period 1947-1956. The pattern of this recruitment 


has been largely determined by the Examination Regula- 


, - tions and Membership Bye-Laws imposed by the Council. 
increas), 


A review of the Institution Examination Regulations 
over the past 45 years appeared recently.* It is the 1945 
Regulations that have influenced the nine years’ recruit- 
ment from 1947 to 1956 covered by Fig. 3. It is as well 
toask what the effect will be of the new 1953 Regulations, 
which became effective for all students completing their 
technical education in 1958. 

In future, recruits to Corporate membership will be 


) drawn principally from these four sources: 


_ (a) University graduates whose courses are approved 


for exemption from the Institution Examination 
(b) Holders of the Diploma in Technology (Engineering) 
from Colleges of Advanced Technology and Regional 


) Colleges whose courses are approved for exemption 


| from the Institution Examination 
(¢) Students successfully completing sandwich courses 
approved by The Institution for Parts I, II and III of the 


Institution Examination 





noeebur, z.3B.: ‘Professional qualification—entry to the 12s. through the 
National Certificate sch heme’, Electrical Review, 1957, 161 (3), p. 
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4 Recruitment to Corporate membership from part- and 
full-time courses, 1947-1968 


(d) Miscellaneous entries—Institution Examination, 
Higher National Certificate plus endorsement and 
Part III of the Institution Examination, thesis, etc. 


Fig. 4, which is an extension of Fig. 3, attempts to 
forecast the number of recruits from these four sources 
in the 12 years from 1956. The area under the lower 
curve on the right represents the probable future recruit- 
ment from source (a). This estimate is based on the 
present recruitment of approximately 600 per annum, 
increasing to 1100 per annum in ten years. The area 
between the two curves on the right, ignoring line A, 
represents the possible recruitment from source (b), 
starting in 1958 at 100 and growing to 1400 per annum 
in ten years. The remaining area, between the upper 
curve on the right and line A, has to be filled from 
sources (c) and (d). 

The form in which courses for source (c) are to be 
organized has yet to be worked out in detail. There is a 
case for eliminating source (c) or at best maintaining it 
as an interim source to be progressively diminished as 
the universities and colleges of advanced technology 
become able to meet the demand. While this would 
appear a sound thing to do, it cannot be done imme- 
diately; and it is very doubtful whether it can be done 
in the next ten years without lowering the standard of 
entry to the universities, the colleges of advanced 
technology and the regional colleges and also the 
standard of the courses. 

There is an equally sound case for the maintenance by 
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the colleges of advanced technology and the regional 
colleges of the high standard already set for them by the 
Diploma in Technology (Engineering); and for the 
‘third stream’, with its academic sights set a little lower 
(but still very appreciably above the Higher National 
Certificate), being firmly established on industry-based 
sandwich courses which can be completed during a 
normal period of student apprenticeship. 

Consideration of this need led to proposals from the 
Joint Committee for National Certificates and Diplomas 
which are contained in a statement issued jointly by the 
Ministry of Education and The Institution.* 

It has become abundantly clear that the new courses 
recommended in the joint statement for young men 
studying to enter the profession are necessary if the needs 
of industry are to be met. It is also very desirable that 
these courses should be planned so that they can be 
carried through during a normal period of apprentice- 
ship. As the joint statement shows, part-time courses 
will still provide a means of entry to the profession, but 
a young man will need to continue his studies after the 
end of his apprenticeship. A marked decrease in numbers 
from this source must therefore be expected. 

After every possible effort, there will be difficulty in 
meeting the demands for young men which the normal 
rate of expansion in the past 25 years has shown to be 
recessary. There is little possibility that the estimated 
desirable increase of 30°%% in three years can be achieved. 
There will be a gap. How can this gap best be filled? 


Filling the gap 

The question offers both a challenge and an opportu- 
nity. The challenge consists in finding ways and means 
of withdrawing engineers from sub-professional jobs and 
using them wisely and effectively. The opportunity is to 
make the work of professional electrical engineers more 
in consonance with that of their colleagues in other 
professional walks of life. 

This challenge can be accepted and the opportunity 
taken only if we can find substitutes to undertake the 
many routine duties which previously formed part of 
the work carried out by professional engineers (and 
here the technicians, men and women, will come into 
their own) and if the total salary bill (professional and 
technician) be not unduly inflated. This would imply a 
proportionately smaller professional staff, adequately 
rewarded, supported by a strong technician group. 

The importance of recognizing the technician as an 
indispensable member of the electrical industry cannot 
be overemphasized. At present, they outnumber their 
professional colleagues by 5: 1, and they hold positions 
of responsibility at all levels between that of the crafts- 
man and that of the professional electrical engineer. 
* Journal, July 1958, p. 381 


138 





Many of them have the technical knowledge, training 
and experience to enable them to undertake wos 
previously assigned to the professional man. It is op 
this body of talent that we must draw, and draw heavily, 
in the future. 

In drawing offices, design offices, laboratories and 
factories, for service and maintenance and for many of 
the operations in generation and distribution, the 
industry depends on its technicians today to an exten 
that is seldom recognized. 

The new tools of design in the form of computes 
and analysers, and the new methods of presentation of 
design information that relate to the development of 
electronic control of machine tools, will provide many 
new openings for technicians in the design offices, The 
introduction of these new methods into production ling 
will be possible only as technicians can take them ove 
and apply them. 

The time has come when the technician’s qualification 
can be recognized as something honourable and worth. 
while in its own right. There are new courses and 
examinations in preparation by the City and Guilds of 
London Institute. There is also a growing tendency to 


regard the Higher National Certificate as the highes§ 


qualification for the senior technicians of industry. Itis 
most encouraging to see that, up and down the count, 
sandwich courses are being arranged for technicians in 
the technical colleges, as well as for their professional 
colleagues in the colleges of advanced technology ani 
the regional colleges. 


Acknowledgments 








My thanks are due to the Secretary of The Institution 


and to members of his staff, in particular Mr. H. ¢ 
Hamilton and Mr. N. C. Stamford, for their assistang 
in collecting the statistics on which this article is based; 
and to my colleague, Dr. W. J. Gibbs, whose help ha 
been so readily given at all times. 


Summary 
It has been estimated that a 30% increase in th 


number of qualified scientists and engineers is requir * 


over a period of three years. Those who will qualifyi 
the next three years are already in training, and therefor 
a fairly close estimate of the numbers qualifying @ 
electrical engineering can be made. It is almost certal 
that the desired increase of 30% in three years will 1 
be achieved. The gap can be filled by withdrawit 
engineers from jobs which do not demand professionil 
qualified men and using them more wisely. We mi 
draw heavily on the best technicians and give t& 
some of the work previously assigned to professidt 
men. 
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ow. Electronic aids to banking 


that as early as about 2000B.c. the Babylonians 

had already developed a banking service asso- 
ciated with their temples. For example, one document 
reads in translation: 


Am documents in the form of clay tablets show 


Warad-Ilisch, the son of Taribum, has received from 
the sun-priestess Iltani, daughter of Ibbatum, one shekel 
of silver by the Sun-God’s balance. This sum is to be 
used to buy sesame. At the time of the sesame harvest 
he will repay in sesame, at the current price, to the 
bearer of this document. 


The sun-priestess was the agent of the temple institution. 
By about 575B.c. there was also a lay bank, the Igibi, 
with a wide range of banking activities. 

In ancient Greece, a banking service by the temples 
was well established in the 4th century B.c., and lay 
banking followed a long time later. An analogous 
development occurred in Hellenistic Egypt, and also in 
ancient Rome where legislation was designed to make 
fraud in banking a matter of the greatest difficulty. A 
traveller from, say, Rome could present a document 
similar to our letter of credit from a Roman banker to 
the curator, i.e. the accountant-treasurer, residing in 
London and receive cash. 


Templars and galdsmiths 
After the breakdown of the Roman empire, when the 


| Arabs became for a time the leaders of the Western 


commercial world, weakening of governmental authority 
and the general insecurity in the non-Arab area of 
Western Europe led people to entrust officials of churches 
and monasteries with their money. In course of time 
ecclesiastical banking developed; the order of the 
Templars (A.D. 1118-1320) was outstanding in its range 


5 of banking operations. 


Lay banking also became established. The trading 
power of Italian merchants from the republics of 
Florence, Genoa, Lucca, and Venice in the Lombardy 
led to the formation of banks such as the San Giorgio 
in Genoa in 1148 and the Vitale in Venice in 1157. 
Natives from the Lombardy settled in London in the 
13th century and stayed until the reign of Edward III. 
They carried on banking operations in what was then 
called Langbournestrate, in ancient times the residence 
of the Roman accountant-treasurer, and in subsequent 
years became known as Lombard Street, today con- 
taining many of the principal London banks. 

At the time of the Civil War (1642-49) goldsmiths in 
London began to use the funds left with them by 
merchants and others for safe keeping: they made loans 
and in return paid interest on the sums left with them. 


MARCH 1959 


The use in Great Britain of cheques for making payments 
is growing; nearly 800 million cheques a year are now 
passed, with a turnover of the order of £200000 million, 
and cheque clearing forms a large part of the work in 
banking. The banks are actively investigating the possibility 
of reducing the manual clerical work involved in handling 
cheques, the cost of which is estimated to be on average 
about Is. 6d. apiece. 

Aids to the solution of this problem lie in a combination 
of the engineering techniques of electronic computers and 
of telecommunication. The complete answer depends on 
whether the banks wish to adhere to the present system 
of clearing which necessitates movement of pieces of paper, 
or whether they will decide to adopt another clearing 
system which does not depend on the movement of paper. 

The article is based on the author’s Chairman’s Address 
to the North-Western Electronics and Communications 
Group, given in Manchester on the 8th October 1958. 
Dr. Feinberg is with Ferranti Ltd. and seconded to the 
Manchester College of Science and Technology. 
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They keenly developed this new aspect of their business, 
thus entering the field of banking. Growing foreign trade 
and financial activities led to the founding of the Bank 
of England in 1694, the Bank of Scotland in 1695, and 
the Bank of Ireland in 1783. 


The cheque 

The practice of using cheques began during the Civil 
War when merchants requested the goldsmiths holding 
their funds to make payments to third parties. An early 
cheque reads: 


Mr. Thomas ffowles 


I desire you to pay unto Mr. Samuell Howard or order 
upon receipt hereof the sum of nine pounds thirteene 
shillings and six pence and place it to the account of 
14th Aug: 1675 Yr Servant 
£9: 13-6d Edmond Warcupp 
ffor Mr. Thomas ffowles Gouldsmith 
at his shop betweene the two 
Temple gates ffleetestreet 
In modern practice a cheque is an instrument for 
effecting either a payment in cash or a transfer of money 
from the bank account of the ‘drawer’ of the cheque to 
that of the ‘payee’ or to that of the ‘endorsee’ if the 
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payee has transferred the cheque to another person and 
signified this by an appropriate endorsement on the 
back of the cheque. In English law a cheque is a special 
type of bill of exchange and is subject to the Bills of 
Exchange Act 1882, which codifies the existing legal 
position. 

To a banker a cheque is a delicate document to be 
printed and handled with much care. To guard against 
fraud and to facilitate safe transmission by post, a 
system of crossing has been devised which makes crossed 
cheques payable only through certain channels. In Great 
Britain, as well as in the United States, it is estimated 
that over 90% of internal financial and wholesale trading 
transactions are settled by cheque. 

There are no accurate statistics in Great Britain 
relating to the magnitude of financial transactions by 
cheque. It is estimated that the number of current 
accounts in banks was in 1954 about 94 million, with a 
cheque turnover of about £188000 million. The number 
of cheques used may be estimated from the cheque- 
stamp revenue reported annually by the Commissioners 
of Inland Revenue. Fig. 1 shows the growth in the British 
use of cheques; the present figure is almost 800 million 
a year. 

Much of the work of a commercial bank is concerned 
with the handling of cheques and similar documents, 
which is thus a basic problem in banking. 


Cheque clearing 


Fig. 2 shows the cycle of movements of a cheque from 
the drawer to his bank when a transfer of a sum of money 
to-another account is effected. He sends it to the payee, 
movement (1), who passes it to his own bank, move- 
ment (2), to collect the sum of money due to him. The 


| drawer | () 


J 
account 4 >» account 


| [Paving bank] —cy— [oectng ban] 


2 Basic cycle of the movements of a cheque 
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‘collecting bank’, after recording the credit to jj, 
customer, sends the cheque, movement (3), to the bank 
holding the account of the drawer (‘paying bank’), T) ¢ 
complete the transaction, the latter verifies the signature 
of its customer by comparison with a specimen, checks ¢ 
that there is sufficient money in his account or a pe. | 
missible overdraft to meet the claim and that he hasng 
c 
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of money between accounts are concerned. There ar 
something like ten million accounts spread over mal} 
thousands of bank branches belonging to a number 0 
different banks—some of the large banks have 20) 
branches each. On an average working day, nearly threg 
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million cheques, with a turnover of £650 million, are 
cleared. This intricate and highly organized process is 
carried out with speed and accuracy. 

The routine at a collecting-bank branch, where the 
clearing cycle of a cheque starts, is depicted in Fig. 3. 
Branch X of bank | is assumed to be the collecting-bank 
branch. A customer may pay in one cheque, or several 
cheques, and some cash, all the items being listed on a 
‘pay-in slip’. The branch receives daily 
from its customers a variety of cheques 
drawn on different banks and on 
branches all over the country. | 

The cheques received are arranged 
in three main groups: (a) those for 


ist day 


¥ crediting to the 
account of A.B 


A.B. pays in cheque 
drawn by C.D.on 
bank 2, branch Y 


due, used to meet at a coffee-house near Lombard Street 
for refreshment and realized the convenience of setting 
off the various cheques among themselves. 

The bankers of those days eventually accepted the 
new system; they took a room nearby and furnished it 
for the specific purpose of exchanging cheques and 
adjusting accounts with one another. From this room 
developed the Clearing House of today. In the clearing 


2nd day 3rd day 


cheque sorting  debiting the account 


of C.D. 





internal clearing where the branch also 
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bank | 
holds the account of the payee, (b) 7 E branch x OT + 
those for local clearing where the 
branch is in one of the 12 towns 
having this facility and within 4 mile 
of the Bank of England branch there, 
and (c) those for clearing at the 4th day 


Bankers’ Clearing House in London. 
The cheques of the last group are 

divided into individual subgroups 
marked bank 1, bank 2 and so on, 
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cheque being returned if 
not paid 


5 Time schedule for cheque clearing 


© Accounting control points 
® Posting to customer’s account 





according to the paying bank. The 

separate bundles of cheques are sent together to London 
to the head office of bank 1. At the head office all 
bundles marked bank 1 are removed, and the rest are 
taken to Clearing House. 


At Clearing House 


The London Bankers’ clearing system comprises the 
Bank of England; Barclays; Coutts and Co.; District; 
Glyn, Mills and Co.; Lloyds; Martins; Midland; Nat- 
ional; National Provincial; Westminster; and Williams 
Deacon’s; they are the ‘clearing banks’. The clearing 
system originated in the second half of the 18th century 
when ‘walk clerks’, employed by the various banks to 
walk round the whole circuit of every other bank and 
present all cheques drawn thereon and collect the money 
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system the clearing banks act as agents for those banks 
which are not members. 

At Clearing House, each clearing bank receives from 
the other clearing banks the cheques drawn on it. To 
facilitate the adjustment of accounts among the clearing 
banks, Clearing House has an account with the Bank of 
England. Each clearing bank pays into this account, or 
receives from it, the difference between cheques paid into 
Clearing House and received from it; the account 
balances at the end of each day’s transactions. It is 
estimated that well over half the cheques passed in 
Great Britain, with more than three-quarters of the 
turnover, go through Clearing House. 

At the head office of each clearing bank the cheques 
received from Clearing House, together with those 
received from branches, are sorted as to paying branches 
and sent to them. Fig. 4 illustrates the individual direc- 
tions in the flow of cheques which pass through the 
various head offices. Each paying-bank branch sorts the 
cheques received from the head office in customer order 
for charging to the relative accounts. 


Clearing against time 

Cheque clearing is tied to a tight time schedule; 
Fig. 5 shows the time-table in the clearing of a cheque 
paid in at branch X of bank 1 for collection from 
branch Y of bank 2. On the second day the cheque is 
received at the head office of bank 1, passed through 
Clearing House to the head office of bank 2, sorted and 
forwarded to its branch Y, where on the third day the 
sum due is debited in the account of the drawer. Failing 
to be able to do so, branch Y of bank 2 returns the 
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cheque to branch X of bank 1, where the cheque would office space and personnel. For the direct contact with 
arrive on the fourth day. Non-arrival of a cheque at the customers, only the counters and management offices ext 
collecting-bank branch after three clear days means that are required in the various bank branches. Thus several yer 
the paying-bank branch has charged the sum due in the banks are investigating the practical implications of the | yit 
account of the drawer and that it has thus been paid. concept of separating the account-keeping sections of tele 
Fig. 5 also gives the principle of arrangement of the individual branches and merging them into large central } reg 
various accounting control points in the cycle of cheque offices away from congested areas. I tele 
clearing. The detailed methods of actual accounting Fig. 7 demonstrates the idea of a group account req 
control may vary between banks. centre. It will probably be impracticable to have all} | 
In order to achieve speed and accuracy in the account- branches of a bank arranged in groups around account ; ys 
ing controls and in the sorting, certain code numbers centres. The bank is therefore shown to have a number | jg 
are printed on each cheque. These aid in the identification of grouped branches and independent branches. Each 
of the cheque, the recording of the name and address of group of branches has a centre which contains all the 
the paying-bank branch, and the sorting at the head accounts of the associated branches, whereas each 
office. The arrangement of the code numbers on the independent branch is self-contained. ati 
face of a cheque is illustrated in Fig. 6 with a transaction Besides making possible a reduction in the cost of | 
similar to that in Fig. 5. office space, a group account centre allows some saving 
As Fig. 6 shows, a cheque contains in the top right- in the work of cheque clearing. Most important of all, 
hand corner the national number of the paying-bank it opens the door to the introduction of electronic 
branch and in the top left-hand corner the serial number account-keeping equipment as an economic proposition, | 
of the cheque. Several banks provide a sorting code The cheque-clearing mechanism with group account 
: centres shown in Fig. 7 may be com. 
serial edad sorting code scr number pared with that in Fig. 4. The range of 
\ ! 2Y cheques for internal clearing is extended 
No. 856407 g-13 heii Py revenue {fom an individual branch to a group 
oe? ——- —Bank 2 N+ Gy "stamp of branches. In addition, sorting at the | gros 
Branch Y we W head office can be done, where appro- | »™ 
ae i a aa priate, according to groups of branches, 
amount += Seventy-five pounds only | |£75:-:- 4 instead of individual branches, and for 
many cheques thus be completed ina 
single stage. 
C.D. 
‘ 
} Electronics at the centre 
collecting banker's drawer ° es ‘ 
stamp The design principles of an electronic 
6 Information and numbering codes on a cheque prerrenigoeig am ore Ba oe 
techniques of electronic computer 
nid wna baie engineering. The details of design will } °° 
number to ease sorting at the head office. The first one be governed by the results of the present experiments 
or two digits of a national number, usually printed in relating to the concept of a group account centre. The 1G 
bolder type, signify the parent number, i.e. the code electronic equipment must be capable of automatically | 4 
number of the respective bank. Its particular branch is posting an entry to the appropriate account, which 7 
indicated by the following digits, of which there may be means (a) recognizing the account identification on th} 1 
two, three, or four; two represent a branch within the voucher, (b) picking up the balance, (c) deciding} ” 
City limits of London, three a London branch outside whether it is a credit or debit entry, (d) if it is a debit "__ 
the City limits, and four a country branch. entry deciding whether there is a sufficient balance or at | 
The bookkeeping and adding machines used are allowable overdraft, or whether there is a stop-payment checki 
largely of conventional mechanical design. A check on order, and (e) producing the new balance. In addition, brancl 
the accuracy of clerical operations is achieved by the facilities for obtaining statistical information and for = 


‘dual-run system of proof’, which involves two in- 
dependent operators. The average over-all cost of 
handling a cheque was estimated in 1952 at about 1s. 
per cheque and is now somewhat above Is. 6d. 


The group account centre 

The natural tendency to take the banking service to 
the customer has had the result that many bank offices 
are in congested areas with consequent high costs for 
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meeting the requirements of the audit are needed. 
The separation in space between a group accouil 
centre and its associated branches necessitates apple )iThe ay 
priate telecommunication links between each branch The 
and the centre to transmit information in either direction baccour 
Apart from use value and practicability, the question  §, utom, 
reasonable cost for the installation and maintenance 4 Keontro 
the equipment will govern the decision on the actual typ Bmecha 
of link. | The 
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t with A closed-circuit television system, for example, was 
Offices experimentally tried over a microwave link. This was 
everal | yery expensive; the system could be suitably developed 
of the | with reduced-bandwidth transmission over an ordinary 
ons of } telephone channel, but in bank practice its usefulness is 
central | restricted to centre-to-branch communication, and a 
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ccount | required. 
ve all | Jt is possible that a particular type of teleprinter 
ccount | system might be employed. Specimen signatures’ might 
lumber | pe kept in duplicate, one at the account centre for 
. Each 
all the 
3 each | 


Independent 
pranches 





SOst of 
saving 
of all, 


i 


i 





group 
account 


ctronic 

OSition. centres 
iccount | 1 12 
e com- 5 
ange of 
xtended 
| group 
z at the | grouped 
appro- branches 
anches, 


and for < ~ 
d i - 


associated 
branches 
| 





+ 
4 


= 
Le) 


] 


A 
Lf} 


























| LR 
ectronic 
SOUP F oftice { ky 
on the Y 4h: 
pmputer p a 's = 
ign Will F suse Le castes 
sriments P : 
tre. The 1 Group account centres with associated branches and 
th cally independent branches of a bank, and flow of cheques in the 
= hich | clearing mechanism 
» wae 1 Parent number of bank 1 
1 on the ll Sorting code for group account centre 1 of bank 1 
+4 12 Sorting code for group account centre 2 of bank 1 
deciding 
a debit _—— c 
\ce OF all | 4 : is 
checking cheques received for debiting and one at the 


ent | 
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and for fash, the balance of the account being obtained when 
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account 
3 appro | The auto cheque 

_ brane ty The ‘auto cheque’ is designed to facilitate self- 
iirecos ‘accounting, self-sorting, and self-posting, which means 
estion 0 automatic performance of the operations of accounting 
nance 4! Jeontrol, sorting, and posting in the cheque-clearing 
tual typ mechanism in Fig. 5. 

| The banks visualize a cheque from which all relevant 
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data can be read automatically with an electronic 
character-recognition device. In 1956 the American 
Bankers’ Association decided that all data on cheques 
which have to be read automatically should be in a 
standardized form of arabic numbers printed in magnetic 
ink for both visual and automatic reading. Agreement 
seems to have been reached on particular shapes of 
numbers which give some of them a rather uncon- 
ventional appearance but simplify the technique of 
automatic recognition by scanning. 

An auto cheque would contain (a) the cheque serial 
number, (b) a sorting code number representing the 
national number of the paying-bank branch, (c) a 
posting code number to indicate crediting or debiting, 
(d) an account number giving in code the name of the 
drawer, and (e) the sum of money. All numbers would 
be arranged on the cheque in a single line to facilitate 
scanning for automatic reading. 

Work so far on the development of a practical auto- 
matic character-recognition system appears to be based 
on the assumption that one and the same symbol has 
to be used for both automatic recognition and visual 
reading, probably as a safety measure. It is, however, 
feasible to visualize a safe practical method of dual- 
character printing which combines in one and the same 
printing stage the conventional number for visual reading 
with its corresponding code symbol for automatic 
reading. 


Invisible ink 


Only the code symbol would have to be printed with 
magnetic ink, which might be invisible; and code symbols 
could be in the form of a system of dots, as used when 
punching holes in teleprinter paper tape, the dots to be 
printed either on the face of the cheque or on the 
back. 

A four-dot system of coding gives 15 different numbers, 
which would give simplicity of automatic identification 
of the parent number of a bank, as 12 clearing banks 
are involved (in consequence, some of them have a 
two-digit parent number). Additionaily, the sorting 
machines at the various head offices could each contain 
15 pockets, 14 of which might be employed to receive 
cheques for 14 different group account centres (see 
Fig. 7, showing the flow of cheques). 

The auto cheque introduces (a) the element of 
personalization of a cheque, which is new in this country, 
where a cheque has no relationship to any person before 
it is signed, apart from those cheques where the name 
of the drawer organization is imprinted, and (b) 
the necessity of agreement between all the banks to 
provide the conditions for full utilization of automatic 
operation. 

The system of auto cheques can inherently be operated 
side by side with the existing system of cheques. In both 
systems the cheque serial number and sorting code 
number are imprinted on printing the cheque. In the 
auto-cheque system the account code number is printed 
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when the cheque book is issued to the customer. If the 
collecting bank is a partner to the auto-cheque system, 
its branch on receiving an auto cheque for collection 
prints the amount of money; otherwise the printing has 
to be done at the head office of the paying bank which 
has issued the auto cheque. It is thus possible to intro- 
duce the auto cheque in controlled stages without 
upsetting the existing system. 


The credit clearing system 

The existing cheque system is a debit clearing system, 
the collecting-bank branch transferring a debit to the 
paying-bank branch. As in the early beginnings of 
cheques in the days of the goldsmith bankers, the 
signature of the drawer of a cheque is checked only at 
the end of the transfer transaction. This system thus 
necessitates the physical movement of pieces of paper 
through the whole clearing process, the vouchers simul- 
taneously transmitting the information for account 
adjustment and carrying the signature of authorization. 
Pieces of paper have by their very nature to be handled 
mechanically; the electrical engineer is hence constrained 
in the application of telecommunication-engineering 
techniques. 

In a credit-transfer system no movement of pieces of 
paper through the clearing process is needed. For credit 
transfer a debtor instructs his bank branch to transfer 
to the bank branch of his creditor the sum of money due. 
A system of this type, known as the ‘Giro’, is used in 
several countries on the Continent. 

In an advanced form, with semi- or fully-automatic 
operation, a credit clearing system could be on these 
lines: A customer hands in at his bank branch credit 
vouchers for clearing, with or without an ‘instruction 
slip’ on which the sums on the vouchers are enumerated. 
To his creditors directly, or through the bank branch, he 
sends appropriately prepared and completed duplicates 
of the vouchers to show that the payments are being 
made. At the paying-bank branch, the vouchers handed 
in by the customers are retained, but the data are trans- 
mitted into the clearing process, as described in the next 
Section. 


Credit clearing by line 

For simplicity and speed of clearing, the Post Office 
telegraph network is used, during its slack periods, 
perhaps in the evening. The cost of hiring the telegraph 
channels may be kept relatively low by decentralization 
of clearing, where, for example, the existing local clearing 
centres are each made into area clearing centres which, in 
addition, are interlinked for direct clearing. 

Each of these area clearing centres is equipped with 
an all-electronic ‘information destination sorter’ and 
with a device to type the information to be mailed to 
those bank offices not directly linked to the telegraphic 
clearing network. The speed of transmission of coded 
information through the clearing network would enable 
the clearing cycle to be completed in one clear day. 
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The data which the paying-bank branch has , 
transmit into the clearing process are: its own nation, 
code number and that of the bank branch to which th 
transfer is made, the account code number of its oy, 
customer and that of the customer of the other bap; 
branch, and the amount of money. In semi-automat 
clearing operations, these data are read visually ay 
transferred manually, say, on teleprinter paper tape; th ( 
vouchers are prepared only for visual reading. 

Fully automatic operation includes automatic readin, 
of the data, and the vouchers are provided with printed ’ 
information similar to that on the auto cheque. Semi- ang} fiel 
fully-automatic operation have their place side by si¢f Go 
within one and the same bank organization. The systen} Bri 
of credit-transfer clearing could be introduced gradual} Un 








and without disturbing the present cheque system. Inst 
like 
Prospects of electronic aids 4 
to tl 






Economic pressure is a powerful force even in field 
with.a long and time-honoured tradition and deeply Sche 
ingrained habits, such as banking. Since vital aspeets jg} Prof 
the routine of the economic life of the country arg! 
involved, any decision to introduce an innovation 
to be taken with full understanding of the practical St 
implications and imaginative foresight for the futy 
course of development. 

The electrical engineer is naturally inclined to thinki 
terms of how best to employ the techniques of electroni 
computers and telecommunication combined with 
existing dense and highly organized Post Office telepho 
and telegraph network. 

A careful study will be needed to evaluate the practi degre 
merits of a credit-transfer system with telegrap Pr 
clearing. Fully automatic operation could be introd Coun 
in group account centres and large branches wi Secre 
electronic accounting equipment. Semi-automatic o 
tion could be used in independent branches. 
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Summary 


The banks are at present concentrating their effort founda 
two basic lines of investigation arising from the (lien 
ventional method of cheque handling: the concept @and his 
the group account centre, and the possibility of electro ]t w, 
equipment for automatic reading, in connection with tithem w 
auto cheque, and for accounting. The creation of gre 
account centres is inherently independent of the av@ipf col} 
ability of any electronic aids, but any introduction Gnstitus 
electronic aids depends on the existence of large Dihology) 
branches and/or suitably sized group account cetl™@&nnoun 
The auto cheque makes possible the use of equiptbetween 
for automatic cheque sorting at the bank head offices SMechan 
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aa The Delhi College of Engineering 


‘hich the 
its own 
er bank 
utomatic 
ally ang n the 22nd December 1958, this announcement was 
=m 





_ | of India: 
> reading 
i printed ‘An outstanding example of partnership in the educational 
emi- and) field is announced between the Government of India, the 
> by sid} Government of the United Kingdom and representatives of 
1e system} British industry. They have agreed on a scheme for the 
sradually} United Kingdom to assist the establishment of an Engineering 
em. | Institute at New Delhi. The United Kingdom contribution is 
likely to be the equivalent of about £500000. 

‘The United Kingdom Government will recruit and provide 
| tothe Government of India under the Technical Co-operation 
Scheme of the Colombo Plan eight to ten members of the 
J professorial staff for about five years. In addition, the Federa- 
tion of British Industries in co-operation with four professional 
J institutions have agreed to sponsor the raising in certain 
# sections of British industry of a fund of £250000 to be spent 
on equipment from the United Kingdom. The Government 
of India will provide the new buildings and meet running 
-} costs and other local expenditure in India. 

The Institute will provide courses of undergraduate and 
postgraduate study and facilities for research in civil, 
mechanical, chemical and electrical (power and communica- 
tion) engineering. It will be affiliated for the purpose of 
| degrees to Delhi University. 

‘Prof. M. S. Thacker, Director-General of the Indian 
Council of Scientific and Industrial Research and Permanent 
Secretary of the Indian Ministry of Scientific Research and 

Cultural Affairs, visited London last week for discussions 
‘Twith representatives of the United Kingdom Government, 
‘British industry and professional engineering institutions. 
Further details will be worked out in consultation between 


Background of the announcement 


Many good friends of India in the United Kingdom have 

tched with great interest the steps which have been taken 
sby the Indian Government during the past few years to 
increase the scale and to enhance the standards of techno- 
logical and technical education in that country as a necessary 
ir effort foundation for its industrial development, and they have 
n the cilfheen seeking an effective means of assisting in this difficult 





concept @and highly important educational undertaking. 

f electro It was therefore a matter of considerable satisfaction to 
on with iifthem when the Indian Government inquired last midsummer 
n of gr0vhether the United Kingdom could consider the possibility 


r the ava Mt collaborating in the establishment of an Engineering 
duction Znstitute (now called the College of Engineering and Tech- 
large bélhology) to be affiliated to the University of Delhi. The above 
int cefl@nnouncement was the culmination of discussions held 
equipi*@petween representatives of The Institutions of Civil, 
d offices (Mechanical, Electrical and Chemical Engineers, of the 
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made available to the Press of the United Kingdom and 





and Technology 


Federation of British Industries and of the Commonwealth 
Relations Office, before and during a visit by Prof. M. S. 
Thacker. 

The participation of Prof. Thacker in these discussions 
gave particular pleasure to the representatives of this Institu- 
tion in view of his identification with electrical engineering 
in the United Kingdom. He will be remembered by many as 
a staff member of the Electricity Authority in Bristol between 
1927 and 1931; in Calcutta, where for a time he was Honorary 
Secretary of The Institution’s Local Committee; and later as 
Professor of Electrical Engineering, and then as Director, of 
the Indian Institute of Science, Bangalore. 

It was a happy circumstance that the announcement was 
followed so quickly by the visit of the Duke of Edinburgh, 
an Honorary Member of The Institution, to the Indian 
Science Congress held in Delhi between the 2Ist and 28th 
January 1959 and that he should be invited to lay the founda- 
tion stone of the new College. 


Prince Philip’s speech 


At the extremely colourful ceremony which was arranged 
at short notice for this purpose, His Royal Highness said: 


‘I accepted the invitation to be present today because this 





Prince Philip applies the mortar on the 27th January 
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occasion is much more significant than a simple ceremony of 
laying a foundation stone. 

‘First it is an example of friendly co-operation between 
the two Commonwealth Governments of India and the 
United Kingdom. The United Kingdom will provide eight 
or ten members of the professorial staff for about five years 
under the Technical Co-operation Scheme of the Colombo 
Plan. The Indian Government will provide buildings and pay 
the running costs. 

‘In addition, the Federation of British Industries and four 
professional institutions—of Civil, Mechanical, Electrical 
and Chemical Engineers—are to sponsor the fund to raise 
a quarter of a million pounds sterling for equipment. I think 
this is the measure of the interest of independent companies 
in the United Kingdom in the technical progress of India. 
With such a background of sensible co-operation in such 
a worthy cause, I have no doubt that this College will achieve 
very great things. 

‘At the moment, the Indian Science Congress is attracting 
a great deal of attention. Every aspect of science is being 
discussed and argued, and my impression is that people here 
are particularly interested in what science can do in a prac- 
tical way for India. Can science in fact solve, or at any rate 
help solve, some of India’s most urgent problems ? The answer 
is that science by itself can only solve scientific problems, and 
it can only establish facts of nature. Something or somebody 
else is needed to turn scientific facts to practical advantage. 

‘That is the real importance of the engineer technologist 
and the expert administrator. Science demands integrity of 
thought and acceptance of facts. Engineering and technology 
demand ingenuity and refusal to accept anything as impossible. 
More than that, the engineer and the technologist must never 
be satisfied that there is a best way of doing anything; they 
must always be convinced that there is a better way. They 
must adopt and adapt facts, as they are uncovered by 
scientists, to the needs of the moment with a proper under- 
standing of the best interests of the community. 

‘I would go so far as to say that in the short run here in 
India the engineer and the technologist can do more for the 
material progress of India than the research scientist. There 
is a wealth of knowledge available in the world, ready and 
waiting to be put to practical use, and the only people who 
can do that are engineers and technologists. And what is 
more, only good engineers and technologists can do this 
cheaply and efficiently. 

‘I would like to emphasize that I said “‘in the short run” 

because I don’t want to be misunderstood. In normal circum- 
stances, of course, pure science, applied science, engineering 
technology and administration are interdependent, and all 
of them in the right proportions are essential to the welfare 
of a modern industrial or agricultural nation. 
- ‘I hope, therefore, that I may be forgiven for laying just 
this one foundation stone. Anyway, it won’t make much 
difference to the College, because the value of the College 
will be, apart from its professors, in its graduates rather than 
in its stones. It is my wish that all who learn here will go out 
into the world able and determined to do something to 
improve the standard of comfort and happiness in this great 
country of India.’ 
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Organized collaboration 

The organization of the appeal for financial assistang 
towards the equipping of the College is being undertake, 
by Sir Hugh Beaver, President, and Sir Norman Kipping 
Director, of the Federation of British Industries. Collabop, 
tion with the Indian authorities in respect of the provision gf 
professorial staff from the United Kingdom, the planning of 


So 


the undergraduate and postgraduate courses, and the cop. : 
sideration of the nature of the laboratory equipment fy} 4c 
teaching and research work is being undertaken by a tec} dra 
nical committee under the chairmanship of Sir Willis Jacksog {sett 
‘Sv 

—F} tol 

out 

. - bea 
Joint European undertaking a ni 
Winfrith Heath ie 
TWELVE European countries, of which the United King. ps 
dom and the six members of Euratom are the chiel} The 
participants, are to carry out a joint investigation, a) wor 
Winfrith Heath in Dorset, into the use of high-temperature} thei 
gas-cooled reactors for nuclear power stations and other} °om 
applications. los 
The new project, known as Dragon, has alread fort 
received approval from the steering committee of th - 
European Nuclear Energy Agency, representing the I’ = 
O.E.E.C. countries. An experimental power-producim} p, 


reactor, provisionally of 1OMW output, forming th 
basis of the study, will be constructed at the U.K.A.EA 
site at Winfrith Heath. The investigation is expected to} The 
extend over five years and cost £13-6 million; of this} 
£10 million will be considered joint expenditure to bf absu 
shared by the 12 countries, with the United Kingdom any ¢ 
Euratom each contributing £4-34 million. The remaining 
£3-6 million is to be borne by the United Kingdom, 
which will retain the reactor and other equipment. 
The research reactor will be designed after tests ha pack 
been carried out on a zero-energy assembly—already> yy, 
under construction—to study the behaviour of differett) mea 
designs of reactor core at high temperatures. Preset elect 
indications are that the fuel will be uranium carbide) dem 
highly enriched with uranium 235, and will be mixed) “lle 
with graphite (the moderator) and thorium carbide. Iti 
expected that later the main fuel will be uranium 23) 
produced from thorium in the reactor, with the rr 
additional uranium 235 separated from natural aie Take 
An alternative primary fuel is plutonium. The interios ampl 
of the fuel elements are expected to reach 1300°C, with oper: 
heat extracted from the reactor at 750°C. tank 
This represents the third of the jointly run nuckaj On 
projects initiated by the European Nuclear Energi mer 
Agency. The two other undertakings comprise a 1 Cont 
country convention setting up the European Compall me 
for the Chemical Processing of Irradiated Fuels (Eure va 
chemic), with plant and laboratories being constructed 
Mol, in Belgium; and a boiling-water reactor at Haldet 
in Norway, in whose operation five O.E.E.C. membes§ peop, 
and Euratom are participating. 7 
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This is automation 


“pitt pr, H. A. Thomas presents the 1958-59 Faraday Lecture at the Royal Festival Hall 


Ollabora. 
Vision of 
inning off qyg first thing that struck one was the dignity of the stage 
the con setting. Before the entrance of the lecturer to the applause of 
ment fo} a crowded Festival Hall, the ‘props’, as one may call them, 
Y 2 tech} draped in red velvet curtains, held the eye like an austere 
Jackson, | setting for a noble Roman tragedy. The nostalgic strains of 
‘Swan Lake’ over the high-fidelity broadcast system served 
to heighten the sense of an occasion. And occasion it turned 
out to be, with Dr. Thomas silhouetted in the limelight’s 
beam, standing at a massive lectern before his red curtains, 
ig At} within a darkened house. 

Fairly launched, the ingenuity and efficiency with which 
the Lecture had been planned was soon apparent. Not a 
second was lost, not a cue misplaced (except once when a 
>d King-| machine for a few seconds betrayed its inability to think). 
he chie'} The lecturer, standing where giants of the world of music are 
ation, at! wont to pluck perfect unity and expression from the ranks of 
perature) their assembled orchestras, seemed to play in turn the role of 
nd othe) conductor and solo performer. Now he was giving emphasis 

' to some important passage of his text, now he was calling 

aires forth a few minutes of film, now he was demonstrating, the 

‘| red curtains parted, one of the many fascinating models the 
© of ths central proscenium was revealed to contain. But of his human 
g the I’) orchestra there was no sign. Like Coriolanus at the hustings, 
roducing} Dr, Thomas stood alone. 
ning the 
. A.EA, 
ected ty} The second Industrial Revolution 
of this} Illustrating the popular concept of automation by an 
re to be} absurd film sequence in which bits and pieces thrown in at 
dom ani} one end of a machine emerged at the other as perfectly 
-maiti finished products, the lecturer began with a warning that it 
ingdon would be a long time before this could happen. 

The first Industrial Revolution had brought machines to 
nt. aid man’s strength and dexterity. The second Industrial 
“sts i Revolution is bringing help to man’s senses and brain. 
—already> How do you start in automation? First, you need to 
differett! measure. Dr. Thomas here explained the principle of the 

Present, electronic potentiometric indicator/recorder by means of a 
carbide, demonstration consisting of a moving lamp, a photo-electric 
ye mised) cell and a large pointer on a circular scale. 


vide. Itis 


+f 
ium 2338 Contact! Fire! 
1ecessar) 





: Having measured your variable, how do you control it? 
Dransas Take an oil tank with wildly varying outflow. As the lecturer 
intenion§ amply proved in a practical demonstration, the human 
°C, with operator cannot manually maintain a constant level in the 
tank by varying the inflow. 

1 nuclea'} + On-off controllers are of some help, for example with 
- Energi) Mercury thermometers on an oil-fired boiler (‘Oil pump on! 
se a ly Contact! Fire!’ cried the lecturer at the end of that demonstra- 
Sompas, ‘ion). Proportional controllers are even better. They kept the 
Is ; level Steady in Dr. Thomas’s oil tank and controlled the 
ructed ap brightness in his first demonstration by moving the light 
- Halden Source across the stage. 

By this time, the pattern of the demonstrations was 


member becoming clear. All was to take place on or around the 
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Those who have attended a presentation of the 1958-59 Faraday 
Lecture on ‘Automation’ will probably concur in the acclamation 
it has received. It was felt that an attempt should be made to 
convey to those who have not heard the Lecture, something of 
the flavour of the event as it was unfolded on the 26th January 
1959. The lecturer, Dr. H. A. Thomas, D.Sc., M.Sc., Member, 
is manager of the instrumentation and control section of 
Unilever’s Engineering Department. 





red-curtained scaffold, the scene-shifting being done behind 
the curtain while the lecturer gave the necessary explanations. 


Not yet automation 


Six men are now controlling plant supplying one-third of 
Britain’s oil products, and so many instruments and con- 
trollers have been introduced that miniaturization and graphic 
panels have become necessary. Expansion in the chemical 
industry, great users of controllers, is 7°% each year, against 
34% for industry in general. Products can now be made 
which, without controllers, cannot be made at all. But this 
is not yet automation. 

The manufacture of individual products comprises making, 
inspecting, assembling, testing and packaging. A short film 
of incredible production muddle in a bakery brought light 
relief to this next section of the Lecture. In the engineering 
industry, progress has been from single-purpose machines 
with manual transfer, through multipurpose automatic 
machines, to transfer machining, as in making motor-car 
engines. In the United States, 14 glass-blowing machines, 
each operated by one man, supply 90% of the lamps used in 
that country. This is not yet automation. 


The unwearying eye of electronics 


Inspection is tedious work which can be done by electronics. 
The curtains part, and here are discs of various sizes rolling 
merrily along (the oval ones almost too merrily) to be sized 
by an electronic gauge and fall into the appropriate bin. 
Applications of this quality-control technique in industry are 
many and various, but this is still not yet automation. 

René Clair comes in celluloid to point the moral of the 
next episode: assembly. Soul-destroying, dull and dissatis- 
fying assembly is likely to become more so. But the machine, 
such as automatic welders and conveyors, can eliminate the 
drudgery. Advanced automatic assembly also works well in 
the electronics industry itself. 

Lastly, packaging. On film we saw shaving sticks and milk 
cartons properly turned out, and in a new demonstration 
were shown the electronic sorting and counting of different- 
coloured discs rolling in along a chute. 


True automation begins 


The next demonstration exemplified the true beginning of 
automation—the displacement of some of man’s mental 
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effort by machines. Doughballs, this time, roll in. Each is 
weighed automatically, when a signal lights to show degrees 
of light and heavy, or just right. Action is then taken to 
accept or reject the ball automatically. Fairly simple so far, 
but then is introduced a tennis-ball gun shooting into a box 


across the stage. The trajectory of the tennis balls (one for 
each doughball) represents the density of the dough, and 
the distance from gun to box the volume of the doughball 
mould. 

Thus equipped, away we go. Doughballs waddle on; tennis 
balls fire; lights flash, on the box and on the main panel; a 
pointer ticks. Automatically the tennis-ball gun is moved 
across the stage to compensate for density variations repre- 
sented by changes in the elevation of the gun. Automatically, 
the incorrect doughballs are rejected. The applause is a 
sincere tribute to a clever demonstration. What we have seen, 
Dr. Thomas tells us, is a machine making a decision. 


‘Unworthy of excellent men’ 
Now we turn to relieving mental effort in administrative 


and clerical work. The modern state feeds on a diet of 


numbers—nearly 11% of the working population of Great 
Britain are recording, filing, sorting, calculating, etc. Work 
unworthy of excellent men [or women], according to Liebnitz. 

The work of the clerk is analysed. How can the machine 
be brought in? The main problem is the memory device— 
mechanical, electrical and now electronic. Before being 
introduced to the electronic digital computer, we must learn 
its language (the brute cannot learn ours). So swiftly, simply, 
we are shown the binary code. The analogy of shock waves 
moving along a metal rod struck by a hammer is used in a 
film to explain the principle of the memory device. 

We are confronted by a new model—an animated diagram 
of a computer. Dr. Thomas feeds in an enlarged tape with an 
addition problem. In slow motion, while lights flash and 
pointers move, he explains the sequence of operations. 
Finally, the answer, another piece of enlarged tape, emerges 
from the output punch. 





A small disc is about to fall into its bin; another rolls up to the 
electronic gauge 
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Dr. Thomas looks unconcerned as his gun speaks En 


- = J indi 
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Document-scanning and print-out devices can speed the) Brog 
process, and some of the applications, present and potential, 
of the electronic computer are scientific research; problems § THE 
of stability in aircraft; air-traffic control; weather forecasting 








; for 

and control of machine tools. as 
{ prob 

The automatic factory is in sight desig 


An explanation of analogue-to-digital conversion leads tof acou: 
a demonstration of automatic scanning and read-out off calle 
instrument information in a plant. This leads straight to ful quen 
automation, because it is now possible to attach electroniy with 
computers directly to electronic sensing elements. room 

We begin to see how this ‘very fast moron’ might make a per 
least some of the decisions needed to control a comply, 
manufacturing unit. A colour film underlines the value oj =e 
the computer to efficient management. an U 

The lecturer turns our eyes to the future—to the vision ¢| due t 
the automatic factory, already in sight, where tedious humay Th 
effort is eliminated, where efficiency is increased, and wherg expre. 
the human being is the master and not the slave of thithe ri 
machine. His demonstration of how the behaviour of: ‘dimer 
manufacturing unit can be ‘automated’ and ‘computeriztlli moda 
contrasted sharply with a pessimistic forecast one remember they 2 
from a film of the twenties—‘Metropolis’—in which ma 





the sn 
were Slaves to the machines. 

freque 

‘it is 1 
The greatest blessing? obvio 


Now the lecturer begins his peroration, and in paintings The 
world picture he has some challenging points to make. Wéithree 1 
have in this country no monopoly of these techniques. Othe) pat 
nations are marching faster, and we are now only eighthi room 
the international income-per-head league. Do we realize & : 













~ a “ mot di | 
implications, the pace, the magnitude of the changes wi ree 
are certain? Restrictive practices of all kinds must go ov we 


board, and we must make adequate plans for education. 


And so it was ended, and the applause for Dr. Thomas ¥ ong ¢ 
extended to his collaborators. Some of these appeared froqgspacin, 
behind the red curtains, and one stepped from the chon three h 


master’s cell in the front of the stage. Other helpers W™parts — 
acclaimed; and we left the hall wiser, but not sadder, M& proba} 
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A review of the Proceedings, Parts A and B 
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SHORT REVIEWS OF PAPERS 


A short review of an Electronics and Communications 
Section paper (2676) entitled ‘The acoustic design of talks 
studios and listening rooms’, by C. L. S. Gilford, M.Sc., 
FInst.P., Associate Member. The paper was published 
_____| individually in June 1958 and will be republished in 
Part B of the Proceedings. The author is with The British 
peed the) Broadcasting Corporation. 
potential, 
problems} yg acoustic design of small rooms, such as those used 
‘ecasting:} for talks studios and for monitoring and controlling 
the outputs of studios of all kinds, presents a set of 
problems entirely different from those encountered in the 
‘design of concert halls or large studios. The characteristic 
1 leads to@ acoustic defect of small rooms is the existence of so- 
1d-out of called colorations, or reinforcements of particular fre- 
zht to full} quencies of the programme, which can often be identified 
electron} with the natural modal frequencies of the air-mass in the 
room. Colorations which may be scarcely audible in the 
studio itself become very obvious in the essentially 
‘monaural’ conditions of speech reproduction, imparting 
an unpleasant and unnatural quality resembling that 
. vision df due to a bad loudspeaker resonance. 
us humal The effective bandwidth of a room mode can be 
ind wher expressed in terms of the dimensions of the room and 
ve of tthe reflection coefficient of its walls. The smaller the 
jour of "dimensions of the room, the more widely spaced are the 
puteri@§) modal frequencies, and consequently the more likely 
members they are to be individually noticeable. However, even in 
hich Meg sh smallest studio, the total number of modes below a 
frequency of, say, 200c/s may be several hundreds, and 
iit is not immediately clear why a few should become 
obvious as colorations and the others not. 
ainting ts The modes of a rectangular room are classified into 
make. W§three types, the simplest being the axial modes, in which 
ues. OlBal] particle velocities are parallel to one dimension of the 
j be toom. An analysis of the processes of growth and decay 
— i of different types of mode during and after each syllable 
t go or of speech leads to the conclusion that it is only the axial 
ation, §@0des which attain a high enough amplitude and persist 
homas Wing enough to be subjectively significant. The frequency 
sared fromspacings and bandwidths of these modes, which form 
the chon§three harmonic series, have the same average values in all 
lpers WBparts of the frequency spectrum, and therefore the 
dder, ™Sprobability of an individual mode being sufficiently 
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on the following pages are some brief review articles based on, and written by the authors of, current Institution 

rs. The authors have been asked to make these articles, so far as possible, interesting and of appeal to 
dectrical engineers who have no specialized knowledge of the subjects, and the content of the articles is not 
necessarily confined to the subject-matter of the original papers. 


Acoustic design of small studios 


isolated from its neighbours to be audible as a coloration 
would appear to be likewise independent of the order of 
its frequency. However, the number of non-axial modes 
increases very rapidly with frequency, and these col- 
lectively dissipate so large a proportion of the reverberant 
energy that above about 300c/s the axial modes do not 
in general attain amplitudes great enough to be audible. 
If, however, there are wide differences between the 
reflection coefficients of the surfaces of the room, a con- 
dition which is again referred to below, the frequency 
limit will be higher. 

Within the frequency region below this limit two other 
conditions must be satisfied for a mode to be audible. 
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1 = Frequency distribution of observed colorations in studios 





It must be isolated from those on each side by an interval 
large in comparison with the mean bandwidth, and it 
must be of a frequency likely to be excited by one of the 
fundamentals or formant frequencies of the speaker’s 
voice. The first of these implies, in the case of a studio 
with a reverberation time of 0-35sec, a separation of 
about 20c/s from the neighbouring modes, and less for 
longer reverberation times. The existence of such intervals 
may be noted in a table of calculated frequencies, and 
they usually occur on each side of a group of closely 
spaced modes rather than a single mode. The second 
condition leads to a maximum in the number of observed 
colorations at about 150c/s and a second maximum at 
265c/s. It also explains why one particular coloration 
will be excited by some voices but not by others. Fig. 1 
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shows the observed distributions of colorations in studios 
on which careful listening tests have been made. 

The second property of a room which determines 
speech quality is the degree of diffusion of the sound 





2 Talks studio, showing the irregular disposition of absorbers on walls, floor and 


ceiling 


A = low-frequency absorber; B = medium-frequency absorber 
C = high-frequency absorber; V = ventilation inlet 





field. Complete diffusion implies equal intensity through- 
out the room and a statistically uniform distribution of 
particle-velocity direction at all points. The lowest degree 
of diffusion is associated with gross inequalities of mean 
absorption coefficient between the three pairs of mutually 
perpendicular surfaces; if one pair is appreciably less 
absorbent than the two others, a single-harmonic series 


Transistors in line communication 


This is a short account of an Electronics and Communications 
Section paper (2722) entitled ‘The application of transistors to 
line communication equipment’, by H. T. Prior, B.Sc., D. J. R. 
Chapman, B.Sc., and A. A. M. Whitehead, B.Sc., Associate 
Members. The paper was published individually in September 
1958 and will be republished in Part B of the Proceedings. The 
authors are with Standard Telephones and Cables Ltd. 


FROM the early days of their development there has been a 
great deal of interest in the possibility of using transistors in 
line communication equipment. Germanium alloyed-junction 
transistors are now sufficiently reliable for this use, in which 
their power economy, long life and general robustness give 
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of modes becomes relatively prominent, leading to th 
well known phenomenon of ‘flutter echo’, in which any 
impulsive sound is accompanied by a rapid successig, 
of more or less faithful echoes; if two pairs reflect ang 
the third is relatively absorbent, flute 
echo is absent but numerous mods 


individually excited. 

In addition to the general distributio, 
of absorption between the room gy. 
faces, it is also necessary to break w 
the uniformity of the individual gy. 
faces either by forming coffers or pm. 
jections, or by varying the absorpti 
coefficient between different parts o 
the surface. The relative effectiveness of 
these two methods has been studie 
over a long period, and for smal 
studios it is concluded that, although 
the former method is capable of yielding 
more complete diffusion, it will do » 
only at the expense of using fairly lary 
volumes of studio space for deep irregu. 
larities. 

In practice, therefore, distribution of 
absorbers is found to be as effective 
Fig. 2 shows absorbers distributed ove 
the walls and ceiling of a typicd 
studio. 

The reverberation characteristic of 
talks studio should be level from 6c) 
to 8kc/s, a time of O-3sec bein 
regarded by the B.B.C. as the optimum 
Listening cubicles have a somewhi 
higher reverberation time, the optimum characteristk 
having been determined by a series of subjectiv 
tests on the effect of listening environment m 
the judgment of programme quality. This chare 
teristic is not very far removed from the mean at 
a number of furnished living-rooms measured during: 
survey in 1953. 621.396.713 ; SMM 





up to quite high frequencies can )! 





them great advantages over thermionic valves. However, uf 
justify their introduction into communication component 
their advantage must be assessed on an economic basis. 

In their favour it can be said that the longer life of tram 
sistors reduces maintenance costs, while the low pow 
consumption reduces operating charges and the cost of powt 
apparatus. In particular, where 24- or 50-volt batteries at 
available no other form of power supply is required. b 
addition, heating of the equipment itself and of the surroundix 
air, which is becoming a serious problem with valve geaf, 
negligible. 

On the other hand, the initial cost of transistor apparali 





is no less, since more transistors than valves are required fort 
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to the) given task. At present there are limits to the frequency range 
ich any of transistor gear, and greater expense is incurred if operation 
cession | at high power or at a high temperature is required. 
ect and 
, flutter | 
Modes | 
Can be} GROUND LEVEL 
—— Ur ere 
ribution - fi) 
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, during i} crosstalk, power levels of transmission must be comparable. 
6.713: S48 = Among the transistor components which have been made 
compatible with valve systems are: 
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modulated and frequency-shift telegraphy, providing 24 
channels within the speech band 

Channel panels for modulation and demodulation of a speech 
signal for single-sideband multichannel carrier telephony 

A three-channel telephony carrier system for use on open- 
wire lines which may already be carrying a v.f. channel 

A 12-channel telephony carrier system for two-way trans- 
mission on a single cable pair. 


In this equipment the use of transistors enables the power 
consumption to be reduced by a ratio of 10 : 1, and the space 
occupied is reduced by about 2 : 1. 





3 Construction of telegraph regenerative repeater 


More versatility 


To obtain the fullest benefits, however, it is necessary to 
design new types of system, and the special properties of 
transistors lead to systems which previously were impracticable 
or uneconomic because of maintenance difficulties, power- 
supply requirements or lack of accommodation. These 
arrangements will illustrate this: 


(1) In remote areas served by open-wire lines a rural carrier 
system can provide ten two-way carrier channels on one 
pair of wires by using frequencies up to 172kc/s. With 
transistors the terminal equipment is simple and compact 
enough to be set up in a subscriber’s house and powered 
only by primary cells. 

(2) With a coaxial cable of 0-144in. diameter in place of the 
usual 0-375in.-diameter cable, 300 telephone channels 
may be accommodated. The repeaters, spaced at 24-mile 
intervals, can be housed in small underground containers, 
and power can be fed to the repeaters from points 78 miles 
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apart. Fig. 1 shows a typical repeater and Fig. 2 one of 
the sub-assemblies. 
Digital equipment in which a number of low-power active 
devices are required is much more attractive with tran- 
sistors than with valves. A telegraph start-stop regenera- 
tive repeater has been developed which regenerates an 
undistorted signal from a distorted input and provides 
safeguards against incorrect operation. Fig. 3 shows its 
compact construction. 

(4) Telephony also becomes amenable to digital transmission, 
using pulse-code modulation which provides a signal 
like a very fast teleprinter-type code. Multichannel 
transmission is obtained by sequential interleaving on a 
time, instead of on a frequency, basis. Regenerative 


(3) 


repeaters can be used, and transmission circuits can be 
utilized which have noise and crosstalk too poor for 
normal types of transmission. 


Continual improvements are being made in transistors, 
Frequency range, power handling and high-temperature 
operation are all being extended, and more is being discovered 
about how to achieve long life. Alloyed-junction transistors 
are likely to give place to diffused-layer structures, and 
germanium may be ousted by silicon or an intermetallic 
semiconductor. It is to be expected that as a result of these 
developments transistors will entirely displace valves in any 
new designs of land-line transmission equipment within a few 
years. 621,394.64 : 621.395.64 : 621,387 


Silicone electrical insulation 


A short review of a Measurement and Control Section paper 
(2814) with the above title by J. H. Davis, Associate Member. 
The paper was published individually in December 1958, and it 
will be republished in Part A of the Proceedings. The author 
is with Midland Silicones Ltd. 


SILICONES are synthetic chemicals based on a molecular 
structure of silicon—oxygen linkages, with organic groups R 
attached to some or all of the silicon atoms, as shown in 
formulae (1)-(3). 


R R R 
| | | 
Rt) 1 iO i —~i—F (1) 
| | | 
R R R 
R R 
| | 
—i-© oe 
| | 
cH .. @ O (3) 
| | 
CH, —O—Si—O 
| | 
~ 


These formulae represent silicone molecular structures, 


and the organic groups R are usually methyl (CH;) or 
phenyl (C,H;). Formula (1) represents silicone fluid, or gum 
base of silicone rubber; (2) is the main cross-linking structure 
in cured silicone rubber; and (3) is the main cross-linking 
structure in cured silicone resin. 

Silicones are thus available as fluids, grease-like compounds, 
rubbers and resins and are particularly useful as electrical 
insulating materials because of their resistance to heat and 
water and the stability of their dielectric characteristics over 
wide ranges of temperature and frequency. Their chief 
disadvantages are that in some cases they have lower physical 


strength than corresponding organic insulation, and their f 


cost is relatively high, as indicated in Table 1. They are used 

in Class H (180°C) and some Class C (above 180°C) insulated 

equipment and in many lower-temperature applications. 
Silicone fluids have been used as dielectrics in special 


capacitors and small aircraft transformers, but in electrical F 


equipment their principal application is in switchgear dash 


pots, because of their stable viscosity/temperature chara: § 


teristics. Silicone greases or compounds, which are mat 


from some of the fluids and inorganic fillers, do not harden § 
or melt over a temperature range from below —50°C to] 
above 200°C and are used as water-repellent anti-trackin § 


coatings for insulators and in similar applications. 
Silicone rubbers are based on long-molecular-chain silicox 
fluids, with which inorganic fillers and curing agents ar 
incorporated. When cured by applying heat, and sometims 
pressure, cross-linking between the molecules occurs, & 








Table 1. Representative insulation cost indices 
| sate | Class H oscil 
Resin-glass-cloth ope ty in. thick . | Phenolic resin | Silicone resin 2 
Varnished glass cloth, 7 mils thick Organic resin | Silicone resin 2°2 
Glass-cloth tapes (5 mils thick, lin. wide) . . | Organic resin | Silicone rubber 2:3 
Slot insulation (glass/2 layers mica/glass), 12 mils Organic resin | Silicone resin 1-3 
thic 
Sleeving (2mm bore, 0-5 mm thick) Organic varnished glass cloth Extruded unreinforced silicone | 0-88 
| _ (rolled) rubber 
Glass-covered conductors, 13 s.w.g. | Organic varnish Silicone or modified silicone 1-07 
varnish 
. | Oil-modified phenolic oralkyd | Silicone 5 


Impregnating varnish 
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shown in formula (2). Silicone-rubber-insulated cables, 
sleeving, tapes and other insulation components are made in 
this way. Some silicone-rubber stocks can be cured when cold 
by adding a catalyst. and this method is particularly useful for 
encapsulating components to give environmental protection. 


Silicone resins 


A more strongly cross-linked molecular structure [for- 
mula (3)] is characteristic of silicone resins, which are nor- 
mally supplied as solutions in aromatic hydrocarbons or 
acetone. These are used for coating and bonding glass- 
covered conductors, glass cloth and asbestos fabrics and for 
bonding mica and impregnating electrical windings. 

Silicone-rubber-insulated cables are widely used for wiring 
in aircraft and ships because of the reduction in weight made 
possible by high current densities and their ability to operate 
at high ambient temperatures. Prolonged exposure to flames 
still leaves a residue of silica to insulate and support the 
conductors temporarily. 

Silicone insulation is used for electric motors where a high 
power/weight ratio is required (as in aircraft equipment), 
where high overload capacity is desirable (as in electric 
locomotives), and for operation at high ambient temperatures. 
Many such motors are similar to Class B insulated machines, 
except that silicone resins replace organic materials, but other 
designs embody silicone-rubber tapes, often with glass-cloth 
reinforcement. The field coils of many traction motors made 
in Britain and the United States, and the stator windings of 
some large induction motors made in the United States, are 
insulated in this way. 

Frequently, machines contain both silicone and compatible 
organic insulation components. For example, some steel-mill 
motors and other industrial machines have silicone insula- 
tion adjacent to the conductors, although an organic varnish 
is retained for impregnation. Machines of above about 
5000kVA capacity cannot normally be rated above Class B, 
because of differential expansion in the windings, but some 
silicone insulation is often used in hot-spot regions or to give 
protection in the event of accidental overloading. 

Dry-type distribution transformers with silicone insulation 


Auxiliaries for 


This short article is based on a Supply Section paper (2812) 
entitled ‘The design of electro-mechanical auxiliaries directly 
associated with power-producing reactors’, by A, E. Harwood, 
P. Scott, M.A., Graduate, and B. H. Stonehouse, B.Sc.(Eng.), 
Associate Member. The paper was published individually in 
December 1958 and will be republished in Part A of the 
Proceedings. The authors are with the General Electric Co. Ltd. 


CERTAIN new problems arise in the design and construction of 
¢lectro-mechanical plant directly associated with the reactor 
in a base-load nuclear power station of the gas-cooled 
graphite-moderated natural-uranium type. Not only must the 
equipment operate in radioactive areas, but also some items 


) are immersed in the reactor coolant. 
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are used at load centres where conventional oil-filled units 
are precluded because of fire risks, as for example in factories, 
basements of buildings, beneath roadways, and in mines. 
Savings in installation and distribution-cable costs often 
compensate for the higher price of the dry-type transformer. 

The stability in power factor and permittivity of the 
silicones with varying temperature and frequency is useful 
in electronic applications. Silicone-resin-bonded glass-cloth 
laminates are used to make machined components for air- 
craft radio transmitters, for high-frequency heaters and as 
printed-wiring bases. Some components are shown in Fig. 1. 








A continuation is expected of the general trend to replace 
organic resins with silicones in much equipment which is at 
present Class B insulated, and an increasing use of silicone 
rubbers where design or processing advantages can be 
achieved. Silicones are likely to remain relatively expensive 
to produce, which makes it unlikely that Class A (105°C) 
and Class E (120°C) insulation will be superseded for most 
applications. 621.315.616 


nuclear power stations 


The materials of construction must be compatible with the 
coolant and may have to be resistant to radiation and tempera- 
ture effects. Special features are required for controlling the 
plant from a remote point with maximum reliability. 

The structure of a 550 MW thermal power reactor of this 
type is shown in Fig. 1. Special consideration has to be given 
to the design of the reactor servicing machine, the control-rod 
mechanisms, the charge machine and fuel manipulators. 

The reactor servicing machine is used for withdrawing and 
re-inserting the control rods and their mechanisms for main- 
tenance; inserting the fuel elements with thermocouples 
attached; emergency extraction of fuel elements; and the 
lowering of a television camera into the reactor core. The 
general arrangement of the machine is shown in Fig. 2. 
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The first three of these operations can be carried out with 
the reactor on load. The materials of construction in the 
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amounts of neutron and y-radiation. The machine i 
remotely controlled. 

The control-rod mechanisms enclosed in the standpips 
projecting through the top biological shield are adequately 
screened and work in carbon dioxide at a normal temperatur 
of 40°C. They are required to hold the rods in a set position, 
to move them slowly, or to insert them rapidly in the corein 
a few seconds during an emergency shut-down. The equipment 
is made as simple as possible in the standpipe even though ths 
may result in increased complexity in the control gear, whic 
is, as far as possible, made from static components. 

The charge machine is used for handling the uranium fu 


in and out of the reactor while it is on load. The mechanism 
in the machine normally work in carbon dioxide at 100°C§ 


but the parts which are raised through the biological shiel 
are subject to 200°C. These parts are also subject to hig 


neutron ‘and y-radiation. Although radiation shielding 5§ 


provided, remote control of this machine is necessary. 
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Materials of construction 


Most of the plant operates for only short periods in the 
main neutron- and y-flux of the reactor. The absorption of 
neutrons may render the metal and inorganic parts radio- 
active, making handling and maintenance a problem. To 
reduce handling difficulties, low-manganese and low-cobalt 
steels are used for the reactor-servicing-machine grabs inside 
the reactor. 

The nature of the damage sustained by the organic materials 
is understood, and a very rough assessment of their life under 
radiation can be made. As far as possible, all electrical insula- 
tion is eliminated from high-radiation areas. The materials 
with the highest stability under radiation are ceramics, 
mineral-filled phenolics, polystyrene and polythene. 

Equipment immersed in the reactor coolant must be com- 
patible with the reactor materials and have a low neutron- 
capture cross-section. Materials such as cadmium, boron and 
the rare earths have a high neutron-capture cross-section, and 
their presence in the core would result in either a lower fuel 
purn-up or a lower operating temperature. 

Non-ferrous metals, such as copper, aluminium, lead and 
zinc, react with the magnesium alloy used for canning the fuel 
elements to form low-melting-point eutectics. Thus, even 
small particles of material settling on the outside of the fuel 
elements can weaken the can, causing a leakage of fission 
products. The copper windings in all electrical plant must 
therefore be totally enclosed. 


Control of plant 


It is essential that mechanisms handling radioactive 
materials should have the highest possible reliability, as any 


This short article is based on a Utilization Section paper (2769) 
with the above title by C. M. Cock, Member. The paper was 
published individually in December 1958 and will be republished 
in Part A of the Proceedings. The author is with the English 
Electric Co. Ltd. 


THE trend in railway operation is towards heavier trains with 
higher speeds, and the ultimate restriction to this development 
is the track, Generally speaking, if the train services are to 
be improved, either the track must be improved to permit 
more efficient operation of existing locomotives or more 
powerful locomotives must be provided to operate within the 
limitations of the existing track. As track improvements are 
usually very expensive, most railways, for financial reasons, 
tend to choose the second alternative. 

The locomotive builder is therefore faced with the problem 
of providing more and more powerful locomotives, some- 
times within severe restrictions of axle load and load gauge, 
and is thus forced to adopt either a complicated and expensive 
construction or to use lighter power equipment. The greatest 
single influence on the weight of power equipment is the 
speed of the Diesel engine. High-speed Diesel engines and 
their associated generators are inherently lighter in themselves 
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failure would possibly subject repair staff to a dose of radia- 
tion. Shielding is incorporated in the machines to limit the 
external radiation to less than 10~-rad/h, so that a repair 
team could work on the machine for a period of one hour 
in the worst emergency conditions. 

The basic designs of mechanisms are simple, and high speeds 
and accelerations are avoided, particularly as mechanical 
shafts are run in dry bearings at up to 100°C. Where the 
drives are motor-driven, squirrel-cage motors are used because 
of their reliability and high power/size ratio. 


Position of operator 


To achieve the minimum amount of shielding consistent 
with safety of repair teams, remote control is used for all 
shielded mechanisms. This not only eases the space and 
structural problems but also gives the operator much greater 
freedom of action than if he were confined to a position in a 
limited shielded area on a machine for periods of at least an 
hour while machines were active. 

It is necessary to provide on the remote-control desks 
sufficient reliable indication to enable operators to know 
precisely how the mechanisms are functioning, with mimic 
diagrams showing mechanism positions at all times. 

Closed-loop television monitors, mounted on the control 
desks, ensure that an operator has a clear understanding of 
what is taking place in the machines and serve as a check on 
the normal indicating equipment. In case of breakdown they 
enable supervisory staff to decide on the correct course of 
action to be taken before repair teams are allowed to enter 
the active area. 621.311.25 : 621-5 


The Deltic locomotive 


and consequently permit a reduction of weight in the sup- 
porting mechanical structure of the locomotive. 

The resultant lighter locomotive has wider route availa- 
bility and is cheaper to operate because of the reduction in 
non-revenue-earning weight to be moved and in general 
wear and tear on both locomotive and track. 


The locomotive 


The prototype Deltic locomotive is an outstanding example 
in the light-weight field. With an installed engine horse-power 
of 3300 and an ‘all up’ weight of 106 tons, it is the most 
powerful single-unit Diesel locomotive yet built, and its 
weight/power ratio of 72lb/h.p. is the best so far achieved in 
any Diesel locomotive. It is shown in service in Fig. 1. 

The Deltic locomotive has been designed to operate fast 
passenger and freight services. It has a double-cab, full-width 
superstructure mounted on two 3-axle bogies and is geared 
for a maximum speed of 105m.p.h. 

The power equipment comprises two 1650b.h.p. Deltic 
engines flange-mounted to main generators which supply 
power to the six axle-hung traction motors. Fig. 2 shows the 
lay-out and dimensions of the locomotive. 
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The 3300 b.h.p. 106-ton Diesel locomotive 


1. Diesel engine 7. Heating boiler 
2. Main generator 8. Battery 

3. Auxiliary generator 9. Radiator 

4. Traction motor 10. Air compressor 
5. Traction-motor blower 11. Exhauster 

6. Control cubicle 12. Silencer 


13. 
14. 
$3. 


16. 
iy 2 
Wheels are 3 ft 7in. in diameter. Buffers are 3ft 54in. above ground level 
The load is distributed equally as 17-66 tons per axle 


Water tank 

Water pick-up 

Fuel tank (not shown, 
but carried outside 13) 

Fuel pump 

Air-brake equipment 





Each Deltic engine has 18 cylinders 
arranged in six triangular banks of three, 
each cylinder having two opposed pistons, 
Power is transmitted from three crank- 
shafts, one at each apex of the triangle, 
through quill shafts and phasing gears to 
a common output shaft. 

The engine was originally designed for 
the Admiralty with a sprint rating of 
2500b.h.p. at 2000r.p.m., based on 
1000h between piston withdrawals. Such 
a short period is unacceptable for railway 
work, where the duties are very different, 
so that for this application the engine js 
rated at 1650b.h.p. at 1500r.p.m. This js 
based on a minimum period of 5000h 
between piston withdrawals, which it is 
hoped to improve to 10000h. 

The main generators have six main 
poles, six interpoles and a compensating 
winding. The traction motors are force- 
ventilated 6-pole series machines with lap- 
wound armatures, and they drive the road 
wheels through straight-spur gearing with 
a ratio of 59:21. The six motors are 
arranged in three parallel strings of two in 
series, the centre points of the three strings 
being linked, thus reducing the tendency 
to wheel slip. 
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18. Air reservoir 
19. Air-brake valve 
20. Hand brake 
21. Controller 

22. Driver’s seat 
23. Assistant’s seat 
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Ifa particular duty does not justify the use of the full power 
of the locomotive, or if one power unit is faulty, the loco- 
motive can be operated on one power unit only, using all six 
traction motors, so that full tractive effort is available, 
although the corresponding locomotive speeds are reduced. 

The locomotive may be driven from either end, full driving 
controls being provided in each cab. Notchless power control 
is obtained by variation of the speed of the Diesel engines 
in combination with variation of the field strengths of both 
generators and traction motors. 

Movement of the master controller handle varies the air 
pressure supplied to actuators on the engine governors. These 
latter so control fuel admission that the maximum permissible 
torque at any given engine speed is not exceeded. Torque 
regulators, controlled by switches on the governors, ensure 
that the generator and traction-motor field strengths are 
adjusted so that electrical loading matches the output available 
from the engines and prevent any overload. 

In addition to the inherent wheel-slip reduction already 
referred to, automatic devices are provided to reduce the 
power delivered to the road wheels if slipping should occur. 
Other protective devices include oil-pressure and -temperature 
switches on the engine, overload and earth-fault relays in the 
electrical circuits, and fire detectors throughout the power 
compartment of the locomotive. 

As the locomotive must be capable of providing steam for 


heating passenger trains in the winter, it has an oil-fired 
boiler with a maximum capacity of 20001b/h of steam, 


Service 


The locomotive entered service on British Railways in 
October 1955. It has since been engaged on a variety of 
duties and in 1956 was subjected to a series of extensive 
dynamometer car trials on the heavily graded Skipton to 
Carlisle line. During the course of these trials, certain runs 
were made hauling a 20-coach load of 642 tons with, so far 
as possible, maximum power from both engines sustained 
throughout. At one stage of the run, the train maintained an 
average speed of 56m.p.h. up a 15-mile gradient of 1 in 100 
with a minimum speed of 50m.p.h. The sustained drawbar 
horse-power was about 2200. 

The prototype locomotive has now travelled some 250000 
miles in service. As it is essentially a development unit, it has 
inevitably suffered from initial troubles, but it has on no 
occasion failed completely on the open line. It has now been 
running for a considerable period on a schedule of daily 
round trips between London and Liverpool and London and 
Crewe involving about 4000 miles of running per week. 

Since the presentation of the paper, the locomotive has 
been transferred to the King’s Cross—Edinburgh line to obtain 
operating experience on this route before the production 
locomotives are delivered in 1960. 621.335.2 


Pattern-recognition system 


A short article based on a Measurement and Control Section 
paper (2843) entitled ‘Pattern recognition by means of auto- 
matic analogue apparatus’, by W. K. Taylor, B.Sc., M.Sc., 
Ph.D., Associate Member. The paper is published this month 
in Part B of the Proceedings. The author is in the Department 
of Electrical Engineering, University College London. 


PATTERN recognition is an operation that cannot be defined 
in exact terms if the patterns to be recognized are only 
approximations to standard samples. In .most practical 
applications a pattern-recognition machine is required to 
classify all possible patterns into a finite number of well 
defined classes. The classes can be numbered 0 to M, of 
which | to M are specified, all patterns falling in class 0 being 
of no interest. 

A ‘pattern’ can be defined as any intensity or amplitude 
distribution that can be detected by a suitable transducer 
system. In this article characters are regarded as special types 
of pattern, and shape is considered to be a property of 
patterns. Two or more patterns are said to have the same 
shape if they can be converted to the same pattern, i.e. the 
same intensity distribution with respect to a transducer- 
system frame of reference, by appropriate changes in position, 
size or orientation. 

It is evident that humans do not learn to recognize shape 
automatically, since we find considerable difficulty in reading 
inverted handwritten words. If the highest recognition rates 
are to be achieved, therefore, we must learn to recognize 
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samples of shapes in the orientations that will be used on 
future occasions. 

The above principle can be extended to machine recognition 
if the information describing a large number of samples of 
each character can be stored in a small volume at reasonable 
cost. This article describes how a large quantity of classifica- 
tion data can be stored in the form of resistance networks, 
which are small, reliable and easily mass-produced. 


Transducer input systems 

Some of the information contained in the patterns is lost 
in any practical transducer input system. Only sufficient for 
giving accurate classification need be retained, the amount 
depending on the number of classes selected and the differences 
between patterns in different classes. Both these parameters 
are determined if we are only interested in a particular set of 
printed characters, but if the quality of printing deteriorates 
the differences between characters will vary. 

The ‘redundant’ information is essential if correct classifi- 
cations are to be made in the ‘noisy’ conditions of poor 
printing. Experience has indicated that some position informa- 
tion can be discarded by dividing the field into 81 squares if 
the patterns have a similar complexity to printed or hand- 
written characters and a size that corresponds to approxi- 
mately two-thirds of the field dimensions. Two enlargements 
of handwritten A’s that satisfy the above conditions are 
shown superimposed on 81 squares in Fig. 1. 

A transducer system that has been found suitable for 
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1 = Transducer input signals produced by handwritten characters 


integrating the light intensity in each small square consists of 


a matrix of photomultipliers. This type of input system is 
capable of handling over a million characters per second, but 
it may cost more than the rest of the recognition machine. 
Less expensive, but slower, input apparatus can be con- 
structed on scanning principles if one is prepared to wait 
for a complete scan before recognition takes place. A simple 
electro-mechanical optical scanner that cost less than £50 to 
construct is shown in Fig. 2 arranged to receive the images of 





2  Anelectro-mechanical optical input system 
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typed letters. Light reflected from the paper is projected onto 
a high-speed perforated drum, and the light passing through 
the drum at any instant corresponds to an element of a 
7 x 10 matrix. This light is collected by a single photo. 
multiplier, the output voltage of which is applied toa 7 x 19 
matrix of capacitors through a rotary switch. After one 
revolution of the drum the voltages on the 70 capacitors are 
proportional to the light falling in the corresponding squares, 
and the capacitors are discharged before the next character 
is presented. 


Characteristic adding units 

Once the patterns have been spatially quantized, the signals 
available for the recognition process are a set of voltages, Ip 
the examples of Fig. 1 the voltage indicated in each square 
is approximately proportional to the amount of black in the 
square. One possible procedure at this point would involve 
the generation of binary signals, in which the 1’s and 0's 
correspond to voltages above and below a threshold level, 
The apparatus required for this coding operation and the 
subsequent analysis of the binary patterns is expensive and 
bulky, however, and the procedure described below overcomes 
these disadvantages. 

The analogue form of the signals is preserved, and the sum 
of all significant signals is formed in a resistor adding unit 
or A-unit of the type shown in Fig. 3. 








3 Adding units, or A-units 








In the example of Fig. la, all signals above 3 volts are § 


included in the sum, the remainder being neglected. The set 
of squares from which the 19 included signals originate are 
enclosed by a thicker line and are characteristic of the pattern. 
Patterns that have a different set of characteristic squares can 
in general be resolved into different classes, the minimum 
necessary difference being one square. 

The pattern in Fig. 1b has a characteristic A-unit with 
21 inputs, of which 13 do not originate from the charac 
teristic squares for the Fig. 1a pattern. If 26 A-units could be 
assembled for a typewritten alphabet in such a way that each 
letter produced a maximum sum at its characteristic A-unit, 


the location of the maximum would indicate the character. | 
This result is not always obtained with simple summation, § 


since the set of characteristic signals for a simple pattern may 
be a sub-set of those corresponding to more complicated 
patterns. 


A typewritten Q, for example, is more complex than an 0, 5 
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in that it consists of an O plus a tail. The A-units for the 
O and Q have 14 and 16 inputs respectively in a typical case, 
14 inputs being identical, the fifteenth and sixteenth for the Q 
corresponding to the tail. The letter Q will obviously produce 
a larger sum at the Q A-unit, but when the O occurs the 
Q and O A-units will give the same sum. This ambiguity can 
be removed by weighting the sums according to the number 
of inputs to the A-units. Several weighting methods could be 
used to remove the ambiguity, but only two that lead to 
simple networks will be considered. 


A,-Unit 

The first method requires that Ry in Fig. 3 should be equal 
to R, and in this case the adding unit will be called an A,-unit. 
if we assume for simplicity that the characteristic signals 
produced by the O and Q are all 100 volts, it is easily shown 
that the outputs of the O A,-unit and Q A,-unit in response 
to an O are 93-3 and 82-3 volts, whereas the outputs in 
response to a Q are 93-3 and 94-1 volts, respectively. This 
discrimination between O and Q is the most difficult one in 
the typewritten alphabet, but it can be made by the maximum- 
amplitude filter described later. 

The voltage difference remains at approximately 1% if 
the over-all signal level changes. Contamination of the 
characters by noise is likely to produce errors only if the tail 
of the Q is lost or if a tail appears on the O owing to paper 
imperfections etc. 


A,-Unit 

A significant increase in the percentage difference between 
signals from slightly different patterns can be achieved by 
means of adding units supplied by negative as well as positive 
signals and having Ry = R/[N(S + 1) — S], where S is the 
number of transducers or matrix elements and N the number 
of characteristic signals for the unit. An adding unit with this 
value of Ry, called an A,-unit, has S inputs, of which N are 
characteristic of the pattern, as in the A,-units. The remaining 
S — N inputs are connected to the remaining S — N trans- 
ducers through sign-changing units, so that the general 
expression for the A,-unit output becomes: 


ot (Reine 
: fe v,) it a 
NS +1) \51 "pont 

where v, is the voltage supplied to the rth input resistor, 
positive voltages being taken first. 


Clear indication 

When expression (1) is applied to the O and Q discrimina- 
tion (S = 81), the outputs of the O A,-unit and Q A,-unit in 
response to an O become 1-22 and 1-07 volts, and to a 
Q, 1:04 volts and 1-22 volts, respectively. The percentage 
difference is thus increased to more than 15%, and the maxi- 
mum signal provides a clear indication of which pattern is 
presented. It can be shown that the characteristic A-unit for 
any pattern, irrespective of complexity, always gives the 


largest output when the pattern appears in the transducer 
field, 
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Only one A,-unit or A,-unit is required for each pattern, 
and 26 are sufficient for the alphabet in one type-face and 
standard positions relative to the transducers. Standard 
positions can be determined automatically by a feedback 
control system, but this tends to limit the recognition speed. 
The highest speeds can be achieved by arranging for each 
character to be recognized in any position. This result can 
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be obtained with little additional equipment, since only 
changes of position that give rise to a different set of charac- 
teristic signals have to be considered. In Fig. 1a, for example, 
the letter A can be recognized in any position by a set of ten 
A,-units. Variations in size can also be handled by including 
extra units to cover the expected range, and it is estimated 
that 100 A,-units per character would be sufficient to give a 
very low frequency of errors with characters that are hand- 
written in Smm x 5mm squares for which S = 81. 

The cost of producing thousands of A-units need not be 
high if modern automatic techniques for producing oxide- 
film resistors and metal-film conductors are employed. An 





5 = Resistor construction of A-units 











A,-unit for recognizing the A in Fig. 1a could take the form 
of a small thin insulating disc with resistive ‘spokes’ arfd a 
conducting ‘hub’, as illustrated in Fig. 4. A large number of 
these discs in a pile could be supplied by 81 busbars passing 
through the peripheral holes, the outputs being taken from 
the central conducting rings. All the A-units representing 
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variations of a single character could have the rings connected 
through diodes to a common character terminal so that only 
the output of the A-unit giving the largest weighted sum 
appears at the terminal. 

A more conventional method of construction is shown in 
Fig. 5. The transducer busbars are arranged vertically, and 
four sets of A-unit resistors that will recognize the typewritten 
A, B, C, and D can be seen in rows connected to appropriate 
busbars. 


Maximum-amplitude filter 

Only the maximum A-unit output is required to produce 
an indication at the final output terminals of the recognition 
machine. The small A-unit outputs can be eliminated by 
what may be called a maximum-amplitude filter. In general, 
the filter will have as many inputs and outputs as there are 
classes of patterns. A filter for the alphabet, for example, has 
26 input and 26 output terminals if all possible variations of 
each letter are to be placed in the same class. 

A maximum-amplitude filter with M inputs and outputs 
consists of M negative-feedback amplifiers with a common 
feedback signal v; given by: 

M 
UY ay B > > Vor 
r=1 
where v,, is the rth filter output. If the signals supplied to the 
filter by the A-units are denoted by v,,, the resultant inputs 
to the feedack amplifiers become: 


Vip = Var + Uf 


With a forward gain of G the outputs are Gv;,, and we have: 


tor = G( ter — BE ter) ee ee 


Let v,,, be the maximum A-unit output, and assume that 
this signal alone passes through the filter. We then have 
Vor = 0(r ~ m). Substituting these values in eqn. (2) we 
obtain: 

Vom = Gam i Brom) 


and see that v, =Ug, if G=1+ 8G or if B =1 for 
large G. The feedback signal is approximately —v,,,, and the 
resultant inputs to the remaining amplifiers would be negative 
SINCE Ugr << Uom (r ~ m). Negative voltages are prevented by 
means of diodes, however, and the remaining outputs are 
therefore zero as assumed. 

The single positive output voltage indicates the class to 
which the pattern belongs and is used to trigger an electronic 
switch. The closure of the switch represents the act of recogni- 
tion and can be used for a wide variety of purposes. For 
example, if characters are required to operate a digital 
computer, as in clerical mechanization or machine transla- 
tion, it is only necessary to arrange for the electronic switch 
to allow a binary number representing the character to enter 
the computer. For letter- or cheque-sorting applications, the 
electronic switch could control mechanical gates. 


Conclusions 

The pattern-recognition system described here consists of 
resistors, diodes and amplifiers. By using miniature compo- 
nents it should be ‘possible to construct an inexpensive 
portable recognition machine that would recognize the 
complete alphabet and numerals in a wide range of printed 
and handwritten styles. 

The only significant delays in the apparatus are due to 
stray capacitance, and recognition speeds of a million 
characters per second could probably be achieved by using 
sufficiently small values of R. The speed is almost inde- 
pendent of the pattern complexity. 

One may think that a pattern-recognition machine with a 
9 x 9 input system could not hope to compete with the 
human eye and its millions of receptors. It can be shown, 
however, that when we read 0-1in.-high typewritten capitals 
at a distance of Sft each letter falls within an area of retina 
that contains approximately 81 cones only. There is therefore 
every reason to believe that the number of transducers and 
resistors required for recognizing whole words will not be 
prohibitive. 621.317.79 


Pattern recognition by digital computer 


This short article is based on a Measurement and Control 
Section paper (2792) entitled ‘A system for the automatic 
recognition of patterns’, by R. L. Grimsdale, M.Sc., Ph.D., 
Graduate, F. H. Sumner, B.Sc., Ph.D., C. J. Tunis, B.Eng., 
M.Sc., Ph.D., and T. Kilburn, M.A., Ph.D., D.Sc., Member. 
The paper is published this month in Part B of the Proceedings. 
Drs. Grimsdale, Sumner and Kilburn are, and Dr. Tunis was 
formerly, in the Electrical Engineering Department, University 
of Manchester. Dr. Tunis is now with I.B.M. Endicott Labora- 
tories, U.S.A. 
a 

MEN have used written symbols for communication for many 
thousands of years. Reading of these symbols presents no 
difficulties to a human being: after suitable training he can 
readily identify the letters of the alphabet, whether they are 
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typed, printed or written by hand. With the advent of digital 
computers in the last ten years, there has arisen a pressing 
need for machines which can read. 

There is a wide range of applications for reading machines, 
particularly where large amounts of data have to be handled. 
For example, in the preparation of problems for a digital 
computer, a list of instructions known as a programme is 
written out on a sheet of paper and supplied to the computer. 
The normal procedure is for a human being to copy the 
information from the paper onto a punched paper tape or a 
punched card. Many commercial activities involve similar 
procedures, but on a vastly greater scale; for example, the 
sorting of cheques at clearing houses, the sorting of mail, and 
accounting in large retail businesses. 

Although much of the tedious work in data-processing is 
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already performed by digital computers, the fact that these 
machines must be supplied with data in a specially prepared 
form is a serious limitation. In some cases, the labour 
involved in the preparation of punched tape or cards detracts 
from the advantages obtained in using computers. One topical 
example of this is in language translation, where the book or 
periodical to be translated must be read by an operator and 
must be typed onto a paper tape or cards. This preliminary 
work makes the economic argument for automatic translation 
less convincing. 


Reading machines for the blind 


The idea of reading machines is not new and had its 
beginnings in devices to help blind people to read books. One 
such machine, the ‘Optophone’, consists of a lens system 
which focuses an image of the printed letters one by one onto 
a set of minute photocells arranged in a vertical row. As the 
image of each letter falls on the photocells, the varying 
amounts of light control the outputs of a set of tone genera- 
tors, one being provided for each photocell. 

Each letter has its own sound pattern, which has to be 
learned by the blind person. This device is actually a trans- 
ducer and not a recognition machine. All it does is present 
a very low-definition image, in sound, of the letter to be 
identified to the blind person, who must then perform the 
task of recognition. 


‘Character’ recognition 


A range of recognition machines has been devised, most 
of which are based on the comparison of an unknown 
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minimum light 


1 Rotating-disc type of recognition machine 








character with a set of standard characters. The simplest of 
these (Fig. 1) employs a rotating disc which has apertures 
corresponding to the letters of the alphabet, numerals, etc. 
As the disc turns, images of the letters on the disc fall on the 
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unknown character, and the amount of light reflected is 
measured by the photocell. Recognition occurs when the 
amount of light is a minimum. 

This system has a number of serious shortcomings. The 
amount of ‘black’ of the unknown character is compared 
with the amounts of black in the standard characters. Confu- 
sion can therefore arise between the characters C and O, since 
these will give the same result when compared with the 
standard C. 

The major defect is that the system will fail completely if 
the unknown character is not correctly orientated. The 
horizontal and vertical positions and the angular rotation 
must all be correct. Furthermore, the unknown character 
must have been printed with the same type-face as was used 
to form the set of standard characters. Even in ideal circum- 
stances, the number of characters which can be separately 
identified is severely limited. 


Sorting of cheques 


The comparison method has been developed using modern 
electronic techniques. A considerable amount of effort in 
America has been devoted to producing machines which will 
read numbers printed on cheques to facilitate sorting. The 
system generally adopted is to print the figures with magnetic 
ink. These may then be read by passing the cheques through 
a magnetic field and then under a single magnetic reading- 
head. Special correlation circuits examine the waveform of 
the induced e.m.f. and identify the different characters. 

The system can handle a large number of cheques in a very 
short time, and the use of magnetic recording overcomes the 
problem of dirt on the paper. The number of different symbols 
which can be distinguished is limited to about ten, and 
rotation is not tolerated. Since a special printing machine is 
required, automatic recognition could be made easier by 
printing coded marks alongside each Arabic numeral and 
reading the code instead of the numeral. 


Flying-spot scanners 

In other systems, a flying-spot scanner is used to examine 
symbols printed on paper. One system uses vertical scanning 
lines and notes the type and position of intersections of the 
parts of the symbols by the scanning lines. This information 
is compared with stored information to identify the symbol. 
In another system, the output from the flying-spot scanner is 
processed to obtain a rectangular array of points in which 
each point has one of two states, representing black or white 
areas of the figure. Characters are recognized by logical 
circuits which test for certain configurations of states. 

It will be seen that character-recognition devices serve to 
distinguish between a very limited set of characters, generally 
the decimal symbols, and that such devices have severe 
limitations. Their operation is based on the same principles 
as in the rotating-disc system. This means that the unknown 
character must be very similar to one of the standard 
characters in size and shape. Furthermore, the unknown 
character must be correctly positioned and must have the 
proper angular orientation. 

As the number of characters to be recognized by one of 
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these systems is increased, these restrictions on size, shape 
and position become very important, with the result that it is 
difficult to distinguish more than about ten characters, It 
also follows that these systems operate with a set of ‘built in’ 
standards, and if a different type-face is used the standard 
characters must also be changed. In other words, these 
devices will not operate in any environment which was not 
anticipated in detail by the designer. 


Advantages of pattern-recognition devices 
In contrast with the ‘character’-recognition devices so far 


described, the present system is designed to recognize 
‘patterns’—the natures of which have not necessarily been 
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anticipated by the designer. The system obtains descriptions 
of the shapes of patterns presented to it. These descriptions 
are independent of the angle at which the patterns are 
presented, their size, and their precise form; they are a 
statement of the essential features of the pattern. For example, 
an E-pattern is described as consisting of four straight lines 
joined in the appropriate manner. Such a description does 
not include any reference to the size or position of the figure, 
its angular orientation, or indeed its precise form. 

To demonstrate the system, the whole mechanism has been 
simulated on a medium-speed computer, although work is 
now in progress developing special-purpose equipment to 
perform certain of the operations at greater speed. The 
patterns to be recognized are presented to a flying-spot 
scanner connected to the computer, which operates under the 
control of a programme to produce a statement describing 
what it sees (Fig. 2). 

It compares this statement with statements which it has 
previously derived from patterns it has seen in the past. If 
the present pattern corresponds to one of these, the pattern 
is recognized. If it is a new pattern, the machine indicates 
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this and asks for the name of the pattern, which is supplied, 
Thereafter the machine will make its recognition of this 
pattern apparent to the human operator by printing the name 
of the pattern. 

It is interesting to note that before the name is supplied the 
machine has already obtained the statement describing the 
pattern and could have invented a name for this pattern, 
The machine can thus learn new patterns. Furthermore, 
having been shown one particular pattern, say T, it can 
subsequently recognize another T of a different form, even 
upside-down. 

All the machine’s knowledge of standard patterns js 
obtained in this way, and the machine can recognize any 
pattern after having seen it once. If the machine is shown a 
badly drawn pattern which resembles more than one of the 
patterns previously shown to it, the machine indicates its 
confusion and prints the probability of each being correct. 


The system in detail 


The pattern is transferred by the flying-spot scanner to the 
high-speed store of the computer, where it is represented on 
a raster of 40 x 64 points. A perfect pattern which might be 
presented to the scanner is shown in Fig. 3a, and the way in 
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which it is represented within the computer store can be seen 
in Fig. 3b. 

The first action is to divide the pattern into groups, as 
shown in Fig. 4a. These divisions are obtained as a result of 
a scan performed by a programme. Unfortunately, the nature 
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of this scan is at present determined by the computer and is 
such that, if the figure is rotated through an angle, a different 
set of groups is obtained (Fig. 4b). The way in which this 
difficulty is removed is mentioned later. 

Further difficulties arise owing to the poor quality encoun- 
tered; this can be seen from Fig. 5, which is an enlarged 
photograph of a symbol printed by a standard typewriter. In 
addition, a typed sheet of paper is liable to become dirty 
after handling. These imperfections are regarded as ‘noise’, 
and special measures are provided in the analysis of the 
pattern into groups to deal with noise. Use is made of a 
‘noise figure’, which is a measure of the amount of noise in a 
pattern and is decided by the machine after a preliminary 
scan. It provides a reference for deciding whether or not 
marks on the paper are to be ignored. 





| RR onan wd 


5 Enlarged typewritten character 


The scan is arranged to follow a group rapidly, ignoring 
breaks in the figure, provided that they are smaller than an 
amount determined by the noise figure. A special averaging 
process is provided to overcome the effect of irregular 
boundaries of the figure area. The group is described by its 
length, its position and extent, and its slope if it is a straight 
line or its curvature if it is curved. 


Reduction of pattern to one-dimensional terms 


An assembly mechanism rearranges the groups into 
natural pattern divisions, irrespective of the way in which the 
pattern was originally broken up by the scan, and produces 
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a statement which describes the pattern completely, in terms 
of the parts of the figure and the nature of the joins and ends 
of these parts. 

The original two-dimensional pattern has been reduced to 
a one-dimensional statement, and this must now be compared 
with similar statements about patterns previously learned by 
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6 Deformed characters which can be recognized 
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bead EUXKEEX 
one xxx RXKXXAXKKE 
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the machine. The amount of agreement between the unknown 
pattern and each of the known patterns is noted, and the 
known pattern with the best score is then said to resemble 
the unknown pattern. Where several patterns have high scores, 
this fact is printed by the machine. 


The machine in use 

In an actual experiment, the machine was first shown all 
the letters of the alphabet and given the names of the letters. 
It was then shown the patterns illustrated in Fig. 6. The two 
forms of the L pattern were correctly identified and so was 
the p pattern, although the machine was originally shown 
a P. While recognizing Fig. 6d, the machine indicated its 
confusion concerning Fig. 6e and printed the following: 


f 140 45 
L 320 30 


This indicates that the pattern may be a T at an angle of 
140° or an L at an angle of 320° to the vertical, with relative 
probabilities in the ratio of 45 to 30. The noisy characters 
shown in Fig. 7 were also correctly identified. 


N.P.L. caesium standard 


A brief account of a Measurement and Control Section paper 
(2801) entitled ‘Circuits employed in the N.P.L. caesium 
standard’, by L. Essen, O.B.E., D.Sc., Ph.D., Associate 
Member, E. G. Hope, B.Sc., and J. V. L. Parry, M.Sc. The 
paper is published this month in Part B of the Proceedings. 
The authors are at the National Physical Laboratory, Teddington. 


THE caesium atomic standard of frequency at the National 
Physical Laboratory has been in operation for over three 
years and has provided valuable information about the 





Capabilities of the machine 

The computer programme which simulates the system 
takes approximately one minute to identify each pattern, 
This time will be reduced by at least a thousandfold by the 
use of a faster computer now under construction. Further 
considerable reductions in time will be obtained by performing 
certain of the operations with special-purpose equipment, 
The scanning operation is particularly slow when it has to 
be done by a programme on a digital computer, and improve- 
ments can be made in this direction. 

The system in its present form is limited to the recognition 
of patterns composed of straight and curved lines. Also, the 
complexity of a pattern must be such that it is not divided 
into more than eight groups. This limitation is due to the size 
of the high-speed store of the computer used. Future systems 
will be designed to recognize patterns of far greater complexity, 

The system described is a universal scheme for recognizing 
patterns and is characterized by its ability to learn to recognize 
new patterns unknown to the system designer. It has already 
been used successfully with hand-drawn symbols and with 
an increase in the degree of complexity could be used to 
recognize good handwriting. 681.142 : 518.5 


variations in the rate of rotation of the earth. It is used asa 
resonator, an oscillation in the region of 9Gc/s, derived from 
a quartz oscillator, being set to correspond to a spectral line 
of caesium. 

Special electronic circuits, described for the first time in 
the paper, are necessary to enable the continuously operating 
quartz standards at 100kc/s to be calibrated in terms of the 
atomic resonance. The calibration takes about 10min and is 
carried out with a precision within +1 part in 10!°, 

The equipment comprises the exciting oscillator referred 

to above, a second multiplier system 
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paring these two signals so that the final 
measurement is performed on an electronic 
counter to +1c/s (Fig. 1a). Certain precau- 
tions are necessary in the design of both the 
exciting and measuring multipliers if the 
required order of stability is to be achieved. 

It has so far not been found practicable 
to multiply from the 100kc/s quartz 
standard directly, since extremely small 
amounts of phase modulation at the lower 
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frequencies may cause quite serious errors 
after multiplication by a factor of the 
order of 105. In its present form, therefore, 
the equipment operates from a 5Mej/s 
crystal, with auxiliary circuits provided 
for comparing this crystal with the basic 
100kc/s standard. This extra transfer 
involves no appreciable loss in accuracy. 
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An alternative system 


As an alternative to the scheme outlined, a system has 
been tried in which the functions of energizing oscillator and 
measuring oscillator are combined. Frequency multiplication 
from a 5Mc/s crystal is again employed, as in the original 
measuring chain, but at one point (in the 170Mc/s region) 
a signal from an auxiliary crystal oscillator, variable over a 
small range, is added to the main signal, enabling the required 
odd-value frequency of 9192 631830c/s to be obtained after 
further multiplication (Fig. 1b). In this system, instead of 
measuring the difference between two high-frequency signals 
near to 9Gc/s, it is then only necessary to measure the 
frequency of the auxiliary crystal. This results in a saving in 
equipment covering one 6ft standard rack. 

The technique of controlling the low-frequency crystal 
oscillator by means of the atomic resonance (Fig. 2) requires 
the construction of a frequency synthesizer to produce the 
exact atomic resonance frequency from a crystal of nominal 
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2 Control of 5 Me|s oscillator by atomic resonance 





frequency, say 5Mc/s. This involves certain problems such 
as the elimination of unwanted sidebands which may affect 
the shape of the resonance curve as well as diverting power 
into unwanted channels. Various schemes are possible which 
differ in detail according to the precise value adopted for the 
atomic resonance. 621.317.39 


Electric drives in the paper industry 


A short review of a Graduate and Student Section paper 
with the above title, by P. D. House, B.Sc., Graduate. 
The paper was read before the Rugby Graduate and 
Student Section on the 16th October 1957, and it was 
awarded a Graduate and Student Premium by the Council. 
The author is with the British Thomson-Houston Co. Ltd. 


DRIVING power is supplied to a paper-making machine 
at a number of sections, each of which comprises a 
group of rolls mechanically coupled by gears, felts or fric- 
tion contact. The only mechanical connection between 
adjacent sections is the sheet of paper, which, particularly 
in its wet state, has negligible strength. It is necessary to 
apply, between succeeding sections, a small amount of 
stretch or ‘draw’, which must be adjustable to suit 
paper-making conditions and, once set, be maintained 
very accurately. 

Pulp is fed onto the paper-making machine at a 
constant rate, and the ‘substance’, or weight per unit area 
of the paper, is controlled by adjusting the machine 
speed. Consistency of the finished product demands that 
the speed of the machine as a whole should be main- 
tained constant to within a few parts in a thousand, 
while the range of weights of paper to be made on any 
one machine may require a speed range of up to 10 to 1. 
Furthermore, it is necessary to be able to run any 
section at a crawling speed, independently of the rest of 
per machine, for purposes of maintenance and changing 
elts. 


Single-motor drives 

Formerly, water-wheels and steam engines were 
employed as prime movers, with line-shaft or rope drives 
to the sections of the machine. Speed variation between 
sections was obtained by means of variable-ratio cone 
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pulleys. Line-shaft drives are still in favour for low- and 
medium-speed machines; these generally employ d.c. 
motors, although in the past a.c. commutator motors 
were frequently used. Ward Leonard drives lend them- 
selves most readily to closed-loop speed control and 
have the advantage that they can be run on manual 
control of the generator field in the event of failure of 
the automatic regulating system. 

Rectifier drives have been installed using both multi- 
anode rectifiers and ignitrons. Although they have a 
higher efficiency than Ward Leonard systems, these 
drives suffer from the disadvantage that a single back- 
fire will shut down the paper-making machine. Pumpless 
steel-tank rectifiers are not an economic proposition for 
powers below about 400h.p. 


Sectional drives 


On larger machines, some sections of which may 
require 500h.p. or more, it becomes necessary to use a 
separate motor for each section of the machine. Such a> 
drive is known as a ‘sectional drive’ and poses the major 
problem of precise speed-matching between succeeding 
sections, the successful solution of which requires the 
use of high-accuracy closed-loop regulating systems. 

Many drives have been installed using a.c. com- 
mutator motors, but modern high-speed paper-making 
machines demand a degree of control which can be 
obtained only by using d.c. drives. All the d.c. section 
motors may be supplied from a common generator, with 
over-all speed control by generator voltage and with 
the section speed regulators acting on the motor fields; 
alternatively, each motor may have its own generator 
which is regulated for over-all and section speed control 
with the motor on fixed field. 

The single-generator scheme economizes in first 
cost and space requirements but requires an auxiliary 
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low-voltage generator for crawling any one section inde- 
pendently of the rest. The provision of a shunt-field 
control range slightly increases the size of the motor but 
makes available a high starting torque. The multi- 
generator scheme gives greater flexibility, since all 
control functions are carried out on the section genera- 
tor; space and maintenance requirements are greater, 
but with smaller machines a high degree of inter- 
changeability and economy in spare parts is effected. 


Methods of speed control 


The problem of speed control of sectional drives lies 
in matching the speeds of individual sections to a 
common reference, with suitable allowance for section 
‘draws’. The two approaches to this problem are position 
control and velocity control. In the first method, the 
relative angular displacement between two rotating 
shafts is controlled to have constant error, so that the 
velocity error must be zero; in the second method, the 
velocity of the regulated shaft is controlled without 
regard to its angular position, so that a speed error may 
exist which is reduced to an acceptable value by making 
the loop gain of the system sufficiently high. 

In one form of position control on a d.c. single- 
generator sectional drive, the reference is the angular 
position of a master shaft: this drives one input shaft of 
a differential gear through ‘draw’-adjusting cone pulleys. 
The other side of the differential is driven by the section 
motor. The output of the differential is coupled to the 
motor-field rheostat, which accordingly adjusts the motor 
speed until the speed error is fully corrected. 

A velocity-control system used on one type of d.c. 
multigenerator sectional drive has an electronically 
regulated voltage as the master reference. This is modi- 
fied by a section ‘draw’-adjusting rheostat and compared 


SYNOPSES OF PAPERS 
Radiation by surface waves 


A synopsis of an Electronics and Communications Section 
paper (2737) entitled ‘An investigation of the excitation of 
radiation by surface waves’, by K. P. Sharma, M.Sc., Ph.D., 
Graduate. The paper is published this month in Part B of the 
Proceedings and is an official communication from the Radio 
Research Station. 


THE graphical method of measuring a reflection coefficient 
through a junction, originated by Deschamps, is used to 
determine the transmission efficiency of a surface wave at a 
discontinuity. The radiations excited by the surface wave at a 
discontinuity in surface reactance and at an edge of a metallic 
strip above a reactive surface are investigated. It is shown 
that the discontinuities cause the radiation of an appreciable 
fraction of the incident power. A matching step at the 
discontinuity in surface reactance is found to have no effect 
on the excitation of radiation. Further, it is found that, 
compared with the radiation excited at the edge of a metallic 
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with the feedback from a high-accuracy d.c. tacho- 
generator coupled to the section motor. The difference 
voltage is amplified electronically and controls an output 
stage, consisting of amplidynes, magnetic amplifiers or 
thyratrons, which excites the section-generator field. 
The loop gain of the regulating system is such that a 
speed error of less than 0-1% produces full output from 
the generator. With this scheme, by the use of transient 
voltage feedbacks from various points around the loop, 
it is possible to obtain extremely fast rates of non- 
oscillatory response with little or no ‘overshoot’, a 
feature which is more difficult to obtain with position- 
control systems. 


The supercalender 


After leaving the paper-making machine, the reel is 
passed on to the supercalender and run through a stack 
of 10 or 12 rolls, alternately steel and fibre, where it is 
subjected to intense pressure and to slight slipping at 
the point of nip. This results in a burnishing action which 
imparts a gloss to the paper. Accurate control of paper 
tension is necessary on both the unwind and wind-up 
reels in order that the paper shall enter the stack without 
creasing or breaking and form a rewound reel of uniform 
hardness. 

With Ward Leonard control of the main-stack driving 
motor, paper speed is proportional to generator voltage, 
so that the current in the reel motor and in the braking 
generator, which are also connected across the main 
generator, is proportional to the paper tension, since the 
product of voltage and current is approximately equal 
to mechanical power, or the product of speed and 
tension. The closed-loop current regulators employ 
amplidynes and boosters; diameter changes and inertia 
effects are fully compensated for. 621.34 : 676.2 


strip, that at a discontinuity in surface reactance is confined 
to a narrower angle above the surface. 621.372 


Radial cylindrical surface waves 


A synopsis of an Electronics and Communications Section 
paper (2738) entitled ‘The launching of radial cylindrical 
surface waves by a circumferential slot’, by J. Brown, M.A., 
Ph.D., Associate Member, and K. P. Sharma, M.Sc., Ph.D., 
Graduate. The paper is published this month in Part B of the 
Proceedings and is an official communication from the Radio 
Research Station. 


THE efficiency with which radial cylindrical surface waves may 
be launched by a circumferential slot is investigated theo- 
retically and experimentally. The radius of the slot has been 
found to affect the launching efficiency very little. An opti- 
mum efficiency of about 68 % is obtainable with a slot of 2cm 
radius above a 58-ohm reactive surface. 621.372.826 
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Parallel-plate transmission systems 


A synopsis of an Electronics and Communications Section 
paper (2770) entitled ‘Parallel-plate transmission systems for 
microwave frequencies’, by A. F. Harvey, D.Phil., B.Sc.(Eng.), 
Member. The paper is published this month in Part B of the 
Proceedings. The author is at the Royal Radar Establishment. 


THE author gives a practical account of parallel-plate or strip 
transmission lines, which are becoming of increasing impor- 
tance in microwave applications. The different types of strip 
line are considered and their basic characteristics summarized. 
Transducers to various circuit-elements are described, and the 
application of strip-line techniques to the construction of 
microwave components and filters is examined. Manufacture 
by photo-etching is outlined, and the survey concludes with a 
bibliography. 621.372.821 


Optical techniques at 
microwave frequencies 


A synopsis of an Electronics and Communications Section 
paper (2779) with the above title, by A. F. Harvey, D.Phil., 
B.Sc(Eng.), Member. The paper is published this month in 
Part B of the Proceedings. The author is at the Royal Radar 
Establishment. 


THE author reviews the application of optical principles and 
techniques at microwave frequencies. A brief discussion of 
radiation and diffraction in the far and near fields is first 
given. This is followed by an account of the various types of 
artificial dielectric. Methods for reducing and enhancing 
surface reflectivity are examined, and several instruments and 
components especially useful at millimetre wavelengths are 
considered. The survey concludes with a bibliography. 
621.371.029.6 


Generating a rotating radiation 

polar diagram 

A synopsis of an Electronics and Communications Section 
paper (2776) entitled ‘A new method of generating a rotating 
radiation polar diagram’, by H. W. Hawkes, B.Sc., Associate 
Member. The paper is published this month in Part B of the 


Proceedings. The author is with Standard Telephones and 
Cables Ltd. 


MANY of the recently developed navigational aids, e.g. Tacan, 
involve the use of rotating aerial arrays of large electrical 
dimensions, and mechanical problems usually fix a lower 
limit of about 300 Mc/s to the operating frequencies of such 
aids. A method is described for operating in the 100Mc/s 
region, which is more desirable for some purposes. In effect 
this is similar to the goniometer technique and consists of 
rotating an aerial array of small mechanical dimensions and 
coupling it electrically to a static array of very large dimensions 
which acts as the final radiator of electromagnetic energy. 
Particular reference is made to the application of this method 
to the u.h.f. omni-range system known as Vorac, and its 
special advantages. 621.396.677 : 621.396.933.2 
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Transistor active filters using 
twin-T rejection networks 


A synopsis of an Electronics and Communication Section 
paper (2787) with the above title, by A. E. Bachmann, 
Dipl.El.Ing. The paper is published this month in Part B of the 
Proceedings. The author is at the P.T.T. Research Laboratory, 
Switzerland. 


THE introduction of a rejection-type network, such as a 
twin-T or a bridged-T, into the feedback loop of an amplifier 
leads to bandpass characteristics similar to those of single 
tuned circuits. It is possible to achieve highly selective circuits 
at very low frequencies, e.g. in the audio range, where high- 
Q-factor coils are usually physically large and expensive. 
Some basic circuits using a symmetrical twin-T network 
with R and C only in the feedback loop of a transistor 
amplifier are investigated, and results are given. Q-factors 
higher than 50 are obtained at 600c/s. 621.372.543 : 621.375.4 


Transformation of admittance 


A synopsis of an Electronics and Communications Section 
paper (2797) entitled ‘The transformation of admittance through 
a matching section and lossless waveguide junction’, by J. R. G. 
Twisleton, B.Sc., Associate Member. The paper is published 
this month in Part B of the Proceedings. The author is with the 
British Thomson-Houston Co. Ltd. 


THE author describes a method of setting up a matching 
section, comprising a variable reactor and phase shifter, in 
cascade with a lossless waveguide junction to obtain a 
particular admittance transformation. The terminal planes 
are defined by the position of voltage zeros when the junction 
is terminated by a short-circuit. The matching section and 
junction are regarded as two junctions in cascade; and, using 
conventional theory, the relation between the admittance- 
transformation parameters and input-voltage reflection 
coefficients is derived. 621.372.83 


Radiation from a cylindrical surface 


A synopsis of an Electronics and Communications Section 
paper (2771) entitled ‘The power radiated by a surface wave 
circulating around a cylindrical surface’, by Prof. H. E. M. 
Barlow, Ph.D., B.ScEng.), Member. The paper is published 
this month in Part B of the Proceedings. The author is Pender 
Professor of Electrical Engineering in University College 
London. 


RECOGNIZING the evanescent character of the surface-wave 
field distribution over the equiphase planes and the important 
part played by the inclination of these planes with the normal 
to the interface when power is transferred across it, calcula- 
tions are made for radiation arising when a wave of this kind 
circulates around a highly reactive supporting surface of 
cylindrical form. It is concluded that, when the surface has 
a finite loss, there will be a particular radius of curvature for 
which the surface wave progresses for a limited distance 
without attenuation. 621.372 


167 


CORRESPONDENCE 











RADIO-NAVIGATION SYSTEM USING EARTH 

SATELLITES 

From M. RYLE, M.A., ASSOCIATE MEMBER, and F. G. SMITH, 
M.A., PH.D.* 


RADIO aids to navigation are extremely valuable when they 
can replace astronavigation by a system which is at least its 
equal in accuracy and simplicity and which is continuously 
available. Existing aids achieve this only at short ranges, 
since ranges beyond the horizon must involve the uncertain- 
ties of ionospheric propagation. 

This note points out that a new system of world-wide 
radio navigation is now possible, based on the reception of a 
radio signal from an earth satellite. The new system combines 
the accuracy of astronavigation with the reliability of a short- 
range radio aid. The accuracy derives from the precision with 
which satellite orbits may be known, and the reliability 
derives from the use of radio wavelengths which are unaffected 
by the ionosphere. 

From experience gained in observations of the first satel- 
lites} it has been found that by far the simplest system of 
locating a satellite is based on the measurement of Doppler 
shifts in the satellite frequency. Interferometric methods are 
more complicated, both in the apparatus and in the presenta- 
tion of results. Again, direct location of a satellite-borne 
microwave transmitter in azimuth and elevation with a highly 
directive aerial system would need complex apparatus at each 
receiver. ; 


The principle of the method 


The system requires a satellite with a long life, transmitting 
a steady constant-frequency signal. A simple receiver, using 
a non-directive aerial, measures the apparent frequency during 
the transit of the satellite, presenting to the observer two 
parameters: (a) the maximum rate of change of frequency and 
(b) the time at which the Doppler shift is zero. These give 
respectively (a) the minimum slant range and (b) the instant 
at which the satellite is nearest to the observer. If the elements 
of the satellite orbit are known, the observer’s position can 
now be computed directly or by simple graphical methods. 
A single observation and its reduction would take only a few 
minutes to complete but can of course be made only when a 
satellite is in a favourable position. 


Accuracy 


Observations of satellites transmitting on 40 and 108 Mc/s 
have been limited in accuracy only by ionospheric effects and 
by uncertainties in the transmitter frequency. The errors 
amounted to about Isec in time and about 1 or 2% in slant 
range, corresponding to an uncertainty of about 6km along 
the track and an error in slant range of 10—-20km; the 
positional error on the ground will be somewhat more than 


* Mr. Ryle and Dr. Smith are in the Mullard Radio Astronomy Observatory, 
Cavendish Laboratory, University of Cambridge. Their letter was received on the 
11th February 1959 

tT eo 1957, 180, p. 879; Proceedings I.E.E., Report 2552, March 1958 (105 B, 
p. 
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the error in slant range, depending on the apparent elevation 
of the satellite at transit. 

The use of higher frequencies would reduce the errors jp 
ionospheric propagation, and the accuracy would then 
compare favourably with a normal astrofix. Owing to the 
greater angular speed of the satellite in comparison with 
normal navigational objects, it is necessary to have available 
more precise time than is normally required. An accuracy 
within 0-25sec should, however, present no serious problem, 


Operation 

The system is capable of operation with a wide variety of 
satellite orbits, but on the grounds of coverage and of simpli. Ff 
city of computation an orbit inclined at about 64° to the 
Equator is preferable. The simplicity results from the absence 
of apsidal motion at this inclination. At a mean radius of [ 
about 7000km (height 600km), a satellite would then come 
within range of a ship or aircraft anywhere between latitudes 
85°N. and S. In general, three or four successive orbits would F 
be observable from any point, each of which would provide 








an independent fix. 
At low latitudes, two sets of observations would be availabe © 
every 24 hours; near 65° latitude a longer series of observa- 
tions would be possible once in every 24 hours. Thus, for 
ship-borne use, solar navigation could be more than ade 
quately replaced in its continuity by a single satellite. To 
provide the more continuous facilities needed for aircraft, it 
would be necessary to operate more than one satellite. 


iy 
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Equipment 
(a) Satellite——The satellite equipment is very simple, sinc 
it is only necessary to provide an oscillator having a frequency 
stability comparable with that of the first Russian satellite 
The choice of operating frequency is a compromise between : 
the avoidance of appreciable ionospheric refraction and "ti 


a ol tang 





problem of providing an adequate signal strength. 
Since non-directive aerials must be used at the receiver, th | 





required transmitter power increases rapidly as the wavelength 
is decreased. If consideration is given to the variation with 
wavelength of the receiver noise level, and the galactic radio 
emission, and of the efficiency of available transmitting 
oscillators and amplifiers, the battery power required in th 
satellite varies roughly as shown below: 













Wavelength Relative power 
0:25m 80 
0-5m 10 
lm 2 
2m 1 
4m 2 





Since ionospheric effects are likely to be important for wav & 
lengths greater than 4m, it is clear that there is considerabk 
advantage in using a wavelength between 1 and 2m. 

The satellite aerial must be as non-directive as possibk; 
the fading resulting from rotation may be minimized but 10 
eliminated by the use of circular polarization. 
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(b) Ship- or air-borne equipment.—The receiver requires a 
simple dipole aerial and a system capable of comparing the 
received frequency with that from a local crystal oscillator. 
A convenient method of measuring the necessary quantities 
might employ two narrow-band filters arranged to respond 
to incoming signals at a fixed frequency on either side of the 
mean transmitted frequency, The output of these filters could 
be used to operate some recording system when the received 
frequency fell within their pass band. The time interval 
between the two responses gives the slant range, and the mean 
of the times the position of the satellite along its track. Such 
an equipment could be entirely automatic in operation. 

The fading associated with rotation of the satellite and with 
the Faraday effect might make it desirable to use several pairs 
of filters in one receiver, the various values of slant range 
being either averaged or presented independently. 

The design of the filters is important, for it is necessary to 
obtain the time interval between a pair with an error of less 
than 1%, the interval being only about 1 min for close transits. 
The filter bandwidth will therefore be traversed in less than 
half a second, and it must therefore be at least several cycles 
per second wide. The width must be /ess than 1 % of the total 
frequency change, which at 200 Mc/s is 10kc/s. A bandwidth 
of about 20 or 30c/s is indicated, giving an accuracy in range 
within about 0-2 %. 


Presentation 


The receiver records two numerical quantities which are 
related to the position along the satellite track and the slant 
distance off the track. A stationary or slowly moving observer 
can use these directly to determine his position in relation to 
the projection of the satellite track on the surface of the earth. 
In aircraft, a computation involving the speed and heading 
would first be required; without this complication, the slant 





Portion of grid showing time and distance scales for a satellite 
at a height of 400 km 


Orbit inclination 64° Latitude of grid centre 45° 
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range could be in error by 3% for a speed of 600m.p.h. This 
correction should be a simple matter provided that the 
approximate heading and ground speed are known. 

It would be convenient to plot the recorded data onto a 
transparent chart representing the projected orbit of the 
satellite, superposing this chart over the standard naviga- 
tional chart. The relative position of the charts depends on 
the particular transit observed; but the time and longitude of 
the Equatorial transit are sufficient to define this. 

The transparent chart would, of course, depend on the 
orbit itself; but this would remain unaltered for many months 
if the lowest point of the orbit were more than 300km high. 
It would be possible to prepare charts many months in 
advance, taking account of the ellipticity of the orbit, its 
precession, and the motion of the apsides. Each chart could 
provide a grid from which position could be read directly. 


Conclusion 


The chief merits of this system are simplicity, accuracy, 
and world-wide coverage. In assessing its usefulness for ships 
or aircraft, one must take account of the limited time of day 
at which it will be available for a single satellite, recognizing 
that a transit nearly overhead would provide only one 
positional co-ordinate. On the other hand, the proposal does 
appear to represent a long-range radio system of navigation 
whose accuracy approaches that of astronavigation and 
which is virtually independent of the ionosphere. 


WHAT IS NEGATIVE IMPEDANCE? 
From M. O. WILLIAMS, * B.sc., MEMBER 


THE British Standards Institution, supported, I believe, by 
The Institution, has pronounced! that impedance is the ratio 
of the r.m.s. electromotive force in the circuit to the r.m.s. 
current which is produced thereby, and that it should be 
denoted by the symbol Z. 

On this definition, impedance is a physical quantity of a 
dimensional status with the ohm as the unit of impedance. 
This well known and long-established meaning of impedance? 
is simple and straightforward, with a direct experimental 
interpretation. Moreover, it implies, I think, that we must 
distinguish clearly between impedance and a system of 
notation invented for a specific purpose and which follows 
explicit rules. Thus while impedance will always be positive, 
the operator —1 can be used as an abbreviation for a phase 
shift of 180°. In the accepted convention, this operator in 
front of the complex impedance operator Z is of course 
interpreted to mean the following: 


—Z = —(Z/ 9) =Z pia =Zlbt” 


Authors who write about active impedance circuit-elements, 
however, show some reluctance to adopt the commonly 
accepted notion of impedance. So, in some circles today it is 
fashionable for engineers—both informed and uninformed— 
to give to this type of circuit-element the title extraordinary 
of ‘negative impedance’. 

To persist in calling a circuit-element ‘negative impedance’ 


* Mr. Williams is with the Automatic Telephone and Electric Co. Ltd. 
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in this relation is, in my opinion, to introduce an entirely 
unnecessary and irrelevant complication of ideas. Even if 
this is held to be a line to hit the contemporary technical 
headlines, it is pedagogically unsound in that it leaves the 
student with immature notions of impedance to cope with a 
considerable distortion of ordinarily accepted concepts. 

As engineers, we ought, I think, to have rejected the confus- 
ing title ‘negative impedance’ from its American birth 
certificate, when Aiken? and Crisson* discovered how to 
obtain stable active two-terminal impedance and, for want 
of a name (I can think of no other reason), called their 
discovery ‘negative impedance’. For I am quite sure that, 
apart from that unfortunate choice of name, there are no 
precedents for adopting the title in any permanent sense. 

True, the technical literature on the art is now emerging 
from the confused state of earlier years, and good articles are 
available. The unconventional character of the terminology 
is, however, conducive to misinterpretation, and the immature 
reader may not be immediately able to make good use of 
these sources. The term ‘negative impedance’ might be all 
right in the slang of the art, but this is not a good reason for 
building on such usage. 

1 B.S. 205, Part 1: 1943 
2 RussELL, A.: ‘A treatise on the theory of alternating current’ (Cam- 

bridge University Press, 1914), 2nd edition, vol. 1, p. 287 

3 AIKEN, C. B.: Journal of the Optical Society of America, 1927, 15, 


p. 85 
4 Crisson, C.: Bell System Technical Journal, 1931, 10, p. 485 


THE JUNCTION TRANSISTOR AND ITS 
APPLICATION 


From ROBERT WELLS, MEMBER* 


I SYMPATHIZE with Mr. Robinson (January Journal, p. 30) 
because in trying to understand semiconductors and devices 
made from them I too experience difficulty—not so much in 
visualizing a positive hole as in understanding its properties 
and the exact mechanism of conduction in a p-type material. 

It is easy to understand that absolutely pure, perfect- 
crystal germanium at 0°K would have infinite resistivity. 
Further, that normal room conditions cause excitation and a 
resistivity of the order of 1000hm-cm, Also, that allowing 
some of the atoms to be of a material with five valence-band 
electrons (instead of four as with germanium) lowers still 
further the resistivity of the now n-type material. 

The difficulty arises in allowing some of the atoms to be 
of a material with three valence-band electrons, when although 
the resistivity undergoes a similar decrease in the now p-type 
material it is not due to the introduction of electrons surplus 
to the structural pattern. It is at this point that positive holes 
are introduced and seemingly given the carrier properties of 
a particle. This may be necessary, but I should like to see the 
positive hole put to the test as a carrier in the following way. 

Prepare a ring of single-crystal p-type germanium (or 
silicon) by cutting a disc from a crystal and drilling a hole 
through it: Determine the resistance of this ring by feeding 
it with current at diametrically opposite points and multi- 
plying the indication by four. Next, try to induce a current in 
it. This could be done by using it as a ‘short-circuited turn’ on 


* Mr. Wells’s letter was received on the 20th January 1959 





a very small transformer, and its resistance in these conditions 
could be determined by an experimental knowledge of the 
effect of a ‘short-circuited turn’ of various values of resistance 
on the same transformer. 

If it is found that in these conditions the ring has the 
same resistance as before, it will be known that conduction | 
in a p-type material is due to some inherent property which t 
could perhaps be the freeing of electrons from a number of 
germanium atoms corresponding to the number of p-type 
atoms added. If, on the other hand, it is found that apparently 
the resistance of the ring has increased, it will be known that 
this has not happened and that the positive hole, when 
isolated, cannot act as a carrier. Should this prove to be the 
case, a hydraulic analogy comes readily to mind. 

A circuit of copper (comprising a stationary dynamo, 
connecting wires, and load) contains free electrons in every 
part, and these will be set in motion when the dynamo js 
made to rotate. This is also true if the circuit is wholly, or ip 
part, made of n-type semiconducting material, and it may be 
likened to a sealed system comprising a primed pump con- 
nected to pipes already full of water. If, however, one part of 
the circuit is made of p-type material, then although the 
remainder of the circuit contains free electrons, this part does 
not. This may be likened to a system comprising a primed 
pump connected by pipes full of water to a pipe which is 








empty but which nevertheless is still a pipe and will allow | , 
the water contained in the rest of the system to flow throughit, f : 
If the circuit is made wholly of p-type material (as the ring), fj 

it will contain no free electrons; and while it may have alow © «1 
resistance, there can never be a full flow of current but onlya © 3 
flow due to thermally excited minority carriers. This may be 7 
likened to a system almost devoid of water which nevertheles | ¢ 
is made of hollow pipes which would allow a larger flow of } jo 
45 


water if there were more water present. 

If such an analogy is valid, then in single-crystal p-type 
semiconducting material we have for the first time an ‘empty- 
pipe conductor’ which is in such a physical state that whereas 
it has but few free electrons of its own it nevertheless will 
allow the passage of a large number of electrons offered to it 
from another part of the circuit. i 

I have found these mental pictures of some help; and if 
conduction in a p-type material could be better explained 
after making the experiment suggested, perhaps both Mr. | 
Robinson and I would have less difficulty in understanding 
transistor action. 

Unfortunately, I have not available all the facilities required : 
for the test, but perhaps someone who has will read this ' 
letter and be sufficiently interested to carry it out. 


Ss 





i 


B_EBSEO Bess seepse 


From E,. WOLFENDALE, B.SC.(ENG.), ASSOCIATE MEMBER 
I CERTAINLY agree with Mr. H. R. Westaway (February § 








Journal, p. 106) that the arrangement of resistors for pro FH jg4g 
viding base bias should be called a potential divider. I would, 7 was 
however, like to ask Mr. Westaway what he proposes to ‘ver 
name the component commonly referred to as a ‘potentio § a. 
meter’, which, in fact, consists of a resistor fitted with: chai 
sliding contact; the term ‘potential divider’ is certainly 00 B} Cent 
suitable in this case. | Sout 
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ARTHUR EDWARD DAVID ANDREWS 


Arthur Edward David Andrews, who died on the 14th September 
1958 after a long and painful illness, was born on the 14th August 
1904. He received his technical training at Wimbledon Technical 
Institute, after which he joined the Cambridge Instrument Co., 
where he was engaged on experimental and development work on 
inductors and optical pyrometers. 

In 1926 he joined the Wimbledon Corporation Electricity 
Department. He was closely associated there with A. E. Mackenzie 
and set up the corporation’s meter and test section. This section 
was early in the testing of transformer oils and insulation by the 
measurement of direct-current leakage. He was also concerned in 
the early work on transformer noise and cable corrosion. On the 
nationalization of the electricity industry in 1948, Andrews became 
meter and test superintendent of the South Western Sub-Area of the 
London Electricity Board, which office he occupied until his death. 

He was by nature an extremely careful worker and a firm believer 
in getting the utmost out of existing apparatus and equipment. He 
is survived by his widow and a son, who is a Student Member of 
The Institution. 

He joined The Institution as a Student in 1922 and was elected 
an Associate Member in 1931 and a Member in 1943. H. S. P. 


ALFRED BROOKS 


Alfred Brookes, M.ENG., who died at Beeston, Nottingham, on the 
15th November 1958, was born at Widnes, Lancashire, on the 25th 
July 1886. He was educated at Widnes Technical School and then 
entered the University of Liverpool, where he graduated with a 
BEng. degree in 1907. He received the M.Eng. degree in 1918. At 
Liverpool he was awarded an Elder Dempster Line engineering 
scholarship and made a three-month voyage to the Gold Coast and 
Canary Islands but decided against a sea-going life and, in 1908, 
joined Ericsson Telephones Ltd., Beeston, where he remained for 
45 years, until his retirement in 1952. 

He took an active part in building up and taking charge of the 
laboratories and also in launching not only a number of the 
departments necessary in such an organization but also many of 
the company’s commercial activities. His work on materials, 
particularly those used in the telephone industry, was outstanding, 
and in the latter part of his life his services to the many national 
materials committees were invaluable. 

He founded the company’s apprenticeship scheme in 1929 and 
was a senior lecturer at University College, Nottingham. He served 
on many of the committees of the Technical College and on the 
Science and Engineering Advisory Committee of the University 
and on its Court of Governors. 

From its inception he was a member of the East Midlands 
Consultative Council of the British Electricity Authority. He was 
also a member of the Nottingham Society of Engineers and was 


» president in 1944-45; he assisted in forming the East Midlands 


Kindred Engineering Society and was chairman in 1944-45. 

He was a keen sportsman and as a young man reached a high 
standard of performance at Association football. He was a county 
hockey player and still played up to the age of 65. He was also a 
county tennis player and took a leading part in the Notts. Lawn 
Tennis Association, being a vice-president at the time of his death. 
He was president of the Notts. County Hockey Association in 
1948-49, Brookes brought a keen zest to everything he did. He 
Was tireless in his activities, had a most likeable disposition and was 
ever willing to help ‘the lame dog’. 

He joined The Institution as a Member in 1923 and served on the 


| East Midland Sub-Centre Committee from 1925 to 1946, being 


chairman in 1926-27 and 1944-45. He served on the East Midland 
Centre Committee from 1947 to 1954 and was chairman of the 
South Midland Radio Group in 1945-46. J. H. M. 
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WILLIAM FRASER 


William Fraser, founder and chairman of Scottish Cables Ltd., 
Renfrew, died on the 11th October 1958. Born in Glasgow on the 
15th February 1882, he was attracted at an early age to the electrical 
industry. While studying part-time at the Royal Technical College, 
Glasgow, in 1903 he commenced his first business in Scotland with 
the formation of Fraser and Borthwick Ltd. In 1923 he moved to 
London to become deputy managing director of Enfield Cables 
Ltd., and it was under his direction that one of the first h.v. 
pressure cables in the world was developed. He was also a director 
of Enfield Rolling Mills Ltd. Subsequently he become managing 
director of Johnson and Phillips Ltd. 

During a visit to Scotland towards the end of 1936, Fraser 
felt that the establishment of a cable factory would be of material 
assistance in relieving unemployment. As a result he founded 
Scottish Cables Ltd., Renfrew. Later he founded an associated 
company, Scottish Cables (South Africa) Ltd., Natal. 

He took a great interest in the education and training of electrical 
engineers. He made generous gifts to the Royal College of Science 
and Technology, of which he was a governor, and also to Glasgow 
University. In 1956 he initiated the Scottish Electrical Training 
Scheme. Among his other interests he was for some years a director 
of the Glasgow Chamber of Commerce and a member of the 
Scottish National Committee of the English-Speaking Union. He 
was a bachelor and took a keen interest in the arts and gardening; 
as a relaxation from his strenuous business life his favourite sport 
was salmon fishing. 

He joined The Institution as an Associate Member in 1916 and 
was elected a Member in 1934. 


JOHN DOUGLAS GREEN 


John Douglas Green, who was born on the 7th May 1886 at Elslack, 
a Yorkshire village between Skipton and Nelson, died suddenly in 
a Leeds nursing home on the 11th October 1958. He served a five- 
year apprenticeship, and his early technical training was at Nelson 
Technical College, followed by evening classes at Leeds School of 
Technology and Leeds University. 

In 1907, at the age of 21, he founded the firm of Green and 
Smith Ltd., one of whose specialities was the manufacture of the 
Leeds transformer, designed by Green to reduce the mains voltage 
from 200-230 to 100-110 volts for the first squirted-filament lamps. 
Smith left the firm in 1914, and in 1920 a private limited company 
was formed, Green being appointed chairman. The new works, 
opened in 1919, were equipped for repairs to all classes of electrical 
equipment, with a large store for installation materials. He lived 
to take part in the golden-jubilee celebrations of his firm in 1957. 

One of his attributes was his unfailing interest in the Electrical 
Contractors’ Association, which he joined in 1913, and in 1926 and 
1934 he was chairman of the West Yorkshire Branch. He was a 
vice-president of the Association from 1944 to 1956, after serving 
for many years on the E.C.A. Council, and in appreciation of his 
services was elected a Fellow in 1957. 

Always having a great interest in the training of apprentices, he 
was at the outset elected a member of the National Apprenticeship 
Training Council, formed for the installation industry after the 
Second World War. 

Of a quiet and unassuming nature, he was interested in the repair 
and overhaul of watches and clocks and in converting the latter 
from mechanical to electric operation. In the open-air field his 
interests were in motoring, sailing and shooting, and latterly in 
cruising on the Norfolk Broads. 

Without a doubt, the installation section of the industry has lost 
a pioneer, and he will be missed by a wide circle of friends. He is 
survived by his widow and a married son, who succeeded him as 
joint managing director when he ‘semi-retired’ some three years ago. 
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He joined The Institution as an Associate Member in 1922 and 
was elected a Member in 1939. He served on the North Midland 
Centre Committee from 1925 to 1932, 1936 to 1943 and 1951 
to 1954. oc 


JOHN BELLAMY JAMES HIGHAM 


John Bellamy James Higham, who died very suddenly on the 10th 
September 1958, was born at East Claydon, Buckinghamshire, on 
the 16th April 1890 and educated at Wolverhampton Grammar 
School and Wigan Mining and Technical College. He served an 
apprenticeship with Walker Bros., Wigan, and in 1910 entered a 
college apprenticeship with the British Westinghouse Electrical and 
Manufacturing Co., Trafford Park. After a period as foreman in 
the h.t. transformer test department of that company, he was 
appointed in 1913 to the technical staff of the recently opened South 
Wales and Monmouthshire School of Mines at Treforest. 

Following the 1914-18 War, which he spent in the Royal Naval 
Air Service, mainly at the Martlesham Heath experimental station, 
he returned to Treforest and was appointed to the teaching staff 
of the electrical section of the engineering department. He thus 
commenced a long period of service until his retirement in 1953. By 
then he had for several years been senior lecturer in the electrical 
engineering department in the school, which had become 
Glamorgan Technical College. 

He took a very active part in the affairs of The Institution in 
South Wales, and his long service to the Western Centre (from 
1927) was rewarded by his being elected chairman in 1945-46. 
Working tirelessly to recruit Student members, he was largely 
responsible for the foundation of the Cardiff Graduate and Student 
Section. His interest in The Institution, to which he devoted so 
much of his time, continued after his retirement, and only a few 
days before his death he had accepted an invitation to convene a 
District Meeting at Cheltenham. 

Higham’s name became well known in engineering circles in 
South Wales, largely because of his disposition, which enriched all 
those who came in contact with him. He had the ability to make his 
students enthusiastic, and his practical approach to a problem, 
coupled with his ready wit, always made him a popular lecturer; 
there are a large number of students who today owe much to him 
for the sound advice he was able to give them on their future 
careers. 

During his retirement in Cheltenham he had a happy but active 
time with his new house and garden and his well equipped workshop. 
Exploring the neighbouring Cotswold country was a great pleasure 
to him. He is survived by his widow, a son and a daughter. The 
son is Dr. J. B. Higham, a member of the Council of The Institu- 
tion. 

He joined The Institution as a Graduate in 1920 and was elected 
an Associate Member in 1928 and a Member in 1934. He was also 
an Associate Member of The Institution of Mechanical Engineers 
and for two sessions during 1932 to 1934 was president of the South 
Wales Branch of the Association of Mining Electrical and 
Mechanical Engineers. I. G. E. 


ERIC MAURICE JOHNSON 


Eric Maurice Johnson, M.SC.TECH., who died on the 3rd October 
1958, was born on the 11th February 1891. He was educated at 
Allhallows Grammar School, Honiton, and received his engineering 
education at the Manchester College of Technology, where he took 
the degree of B.Sc.Tech. in 1910. He proceeded to M.Sc.Tech. in 
1911. 

He served his graduate apprenticeship with the British Westing- 
house Electrical and Manufacturing Co. In 1913 he went to Berlin, 
serving both with Siemens-Schuckertwerke and the Allgemeine 
Elektrizitats Gesellschaft, and was interned in Germany during the 
1914-18 War. On his return to England he held posts as a lecturer 
in electrical engineering at Rutherford and Halifax Technical 
Colleges. 

He rejoined Metropolitan-Vickers Electrical Co. in 1923 and 
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until 1926 was their liaison engineer to Brown, Boveri in Switzerland, 
He then held successively the positions of engineer on Switchgear, 
liaison engineer to Messrs. Merz and McLellan, engineer on marine 
electrical plant, and engineer in charge of large synchronoys 
machines. In 1946 he was appointed chief engineer of the plant 
department and in 1955 became consultant to the chief electricaj 
engineer of the company. 

He retired in 1956 to Boldre, Hampshire, where he had a houg 
built to his own design. The garden also was to his planning and 
contained some 40 varieties of heather. He served as a member of 
the Hale (Cheshire) Urban District Council from 1943 to 1946 
and for many years prior to his retirement was president of the 
Metropolitan-Vickers Badminton Club. He is survived by his 
widow and two daughters. 












Johnson joined The Institution as a Graduate in 1911 and was 
elected an Associate Member in 1922 and a Member in 1945, He 
was a member of the Supply Section Committee from 1949 to 195) 
and a member of the North-Western Supply Group Committe 
from 1952 to 1955, being chairman from 1955 to 1956. He was joint 
author of the following papers: ‘Losses in induction motors arising 
from eccentricity of the rotor’ with C. F. Smith, and ‘Design of 
large vertical-shaft water-turbine-driven a.c. generators’ with 
C. P. Holder, which were published in the Journal in 1911 and 1948 
respectively. He was awarded the Ferranti Premium jointly with 
C. P. Holder for their paper ‘Design of high-speed salient-pok 
a.c. generators for water-power plants’, which was published in the 
Journal in 1952. L. H. A.C, 





GEORGE SHEARING 


George Shearing, 0.B.E., B.SC., who died on the 25th October 1958, 
was born on the 20th November 1882. He was educated at Andover 
Grammar School and at University College, Southampton. After 
a period of practical experience with the Cambridge Instrument Co,, 
he joined the staff of the Northampton Polytechnic Institute and, | 
in 1910, Birmingham University. He returned to University College, | 
Southampton, in 1914 and remained a member of the staff until 
1919, though during the First World War he served in the Royal 
Navy. 

In 1919 he joined the Admiralty and was appointed to the 
scientific staff of H.M. Signal School, Portsmouth, where he served 
until he retired in 1942, having held the post of superintending 
scientist for ten years. After his retirement he was technical adviser 
to the Mullard Company for about three years. 

During the time that Shearing was at H.M. Signal School great 
advances were made in naval communication and radar, and he 
was largely responsible for much of the progress. The development ff 
of valves for wireless telegraphy owed much to him; and as chairman 
of a sub-committee of the Radio Research Board he was responsible 
for the programme which produced valuable data concerning the 
propagation of very short waves. This provided the foundation on 
which modern techniques are based. 

He was a very active man, and his interest in the Church of 
England Men’s Society and in the bowling club of his parish was 
typical of him. He was always greatly concerned in anything which 
would promote good relationships. His great qualities were his 
humanity, kindly nature and strong sense of duty. Those of us who 
were fortunate enough to be his junior colleagues remember him 
with great affection. 

He joined The Institution as an Associate Member in 1909 and 
was elected a Member in 1921. He served on the Hampshire Sub 
Centre Committee from 1929 to 1932 and was Chairman of the 
Wireless Section in 1933-34, his Chairman’s Address being awarded 
a Webber Premium. His papers, entitled ‘Wireless-telegraph valve F 
transmitters employing rectified alternating current’, ‘Silica valves 
in wireless telegraphy’ (written jointly with H. Morris-Airey and "7 
H. G. Hughes), and ‘Naval wireless-telegraph communications |) 
(written jointly with J. W. S. Dorling), were published in th 
Journal in 1925, 1927 and 1930 respectively. He was awarded a 
Wireless Section Premium for his paper published in 1930. He was 
appointed an Officer of the Order of the British Empire in 1933. 

J. D. SR 
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ERNEST WILSON STEELE 


Ernest Wilson Steele was born in Beckermet, Cumberland, on the 
23rd February 1886. He died after a prolonged illness at Little 
Manor, Bedlington, Oxfordshire, on the 7th October 1958. 

Steele was educated at St. Bees School and afterwards at King’s 
College, Newcastle upon Tyne, and his early training as an engineer 
was obtained with J. H. Holmes and Co., Newcastle upon Tyne. 
In 1912 he joined the Electrical and Ordnance Accessories Co., 
Birmingham, as chief electrical machine designer. This company 
was principally interested in d.c. machines, and he made an intensive 
study of the application of interpoles to d.c. machines. 

In 1919 he joined the Metropolitan-Vickers Electrical Co. at 
Trafford Park as superintendent of the motor department. He 
became manager at Trafford Park Works in 1940 and succeeded 
Sir George Bailey as director and general manager of the works in 
1944. He retired from executive duties in 1954 and was appointed 
chairman of Metropolitan-Vickers Beyer Peacock Ltd. 

Steele was a kindly man whose range of interests was extremely 
wide. As a young man he had enjoyed life in Cumberland, where 
wrestling and fell-running were the major sports. He himself was 
powerfully built, and, although involved in industry, he retained a 
very great interest in country pursuits until the end He was much 
interested in the classics and had a wide knowledge of Greek 
literature. He is survived by his widow, a son and a daughter. 

He joined The Institution as an Associate Member in 1912 and 
was elected a Member in 1939. H. W. 


WILLIAM HERBERT STEELE 


William Herbert Steele, who died on the 3rd November 1958, was 
born in Dorset on the 21st September 1896. He was educated at 


SOUND-REPRODUCTION systems using a single channel of 
communication between the sound source and the listener— 
‘monophonic’ systems—have, until recently, absorbed most 
of the development effort in the relevant engineering fields. 

Any further significant improvement in sound quality can 
only come from the use of techniques to convey an impression 
of the size and acoustic surroundings of the source. It has 
been demonstrated that merely to increase the numbers of 
microphones and amplifiers is no satisfactory solution to the 
problem of creating ‘stereophony’. The answer lies in picking 
up the sound simultaneously at different points of the source 
and transmitting these signals over separate channels until 
the listener’s loudspeakers are reached. 

Multichannel techniques to give an impression of stage 
size were first used commercially in the film industry to 
create an acoustic equivalent of the ‘big screen’ picture. 
Three separate channels were used then, but recent practice, 
which achieves a very high standard of performance, involves 
the use of five separate channels magnetically recorded on 
70mm film (twice the standard width). 

For domestic installations, the expense of setting up five, 
or even three, channels is hardly justified, and development 
work is instead being devoted to producing a two-channel 
system technically superior to that using simply two micro- 
phones, two amplifiers and two loudspeakers. Certain major 
difficulties arise in providing separate channels between the 
studio and the listener’s room, however, particularly when 
the medium is broadcast radio. 

The Institution is organizing a two-day Convention on 
Stereophonic sound recording, reproduction and broadcast- 
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Parkstone and Poole Grammar Schools. His first appointment 
with the electricity supply industry was with the Bournemouth 
and Poole Electricity Supply Co. in 1912, as a general assistant 
on installation work. 

In 1913 he went to the Newport Electricity Department as an 
articled pupil, but his apprenticeship was broken by the start of 
the First World War. In 1915 he entered the Royal Flying Corps, 
in which he served until the Armistice in 1918. On demobiliza- 
tion he rejoined the Department as a junior engineer. 

In 1923 he transferred to the South Wales Power Co. as assistant 
district engineer and, in 1931, joined the Bankside, London, control- 
room staff of the Central Electricity Board as one of the original 
Grid-system control engineers; he was later appointed control 
superintendent, in which capacity he was in charge during the war- 
time transfer to the underground centre near St. Paul’s. On the 
reorganization of the industry in 1958, Steele assumed new duties 
in the system operation department. After the subdivision of the 
St. Paul’s control room into two centres, he transferred to the 
Thames South Centre, where he remained until his death, after 43 
years’ service in the industry. 

Outstanding among personal qualities was his keen and ready 
sense of humour. Possessed of great versatility, he was a devotee 
of Wagner, losing no opportunity of attending the Ring series at 
Covent Garden. He was an accomplished violinist and played in 
the Pinner and District Orchestra. Not least among his hobbies 
was geology, which he pursued with great enthusiasm, and he 
finally became a Fellow of the Geological Society. His loss will be 
deeply felt by all who knew him and worked with him. 

He joined The Institution as a Student in 1918 and was elected a 
Graduate in 1925, an Associate Member in 1925 and a Member 
in 1953. a a 


Stereophonic sound reproduction 


ing techniques on the 19th and 20th March 1959 at Savoy 
Place. The aim is to discuss the basic problems of producing 
sound ‘as large as life’ while maintaining all the other 
ingredients needed to provide an ever more discriminating 
audience with a high-quality sound ‘picture’. The programme 
of the Convention is given below. 


Programme of the Convention 


The Convention, arranged by the Electronics and Communications 
Section, will take place in the Institution Lecture Theatre on the 
19th and 20th March. Demonstrations will be given in other rooms 
in the Institution building. The titles of the sessions are given below, 
together with an indication of the coverage of each. 


Opening session—General survey of stereophonic sound 
(10 a.m., 19th March) 


Introductory lecture; psycho-acoustic considerations 


Session 2—Tape and film stereophony (2.30 p.m.) 
Stereophonic recording on tape; four-track Casette system; 
stereophony on film 

Session 3—Stereophonic broadcasting (5.30 p.m.) 

Survey of proposed systems 


Session 4—Stereophonic gramophone records: systems and 
recording (10 a.m., 20th March) 


Systems of disc recording; design of cutters; standards adopted 


Session 5—Stereophonic gramophone records: reproduction 
(2.30 p.m.) 


Survey and detailed design of stereophonic pick-ups 


173 





PAPERS AND MONOGRAPHS 


published individually this month 


Papers accepted for reading at meetings, and monographs, are first 
published individually and are republished later in the Proceedings; as 
soon as these separates are available they are described in this feature. 
The papers are supplied free of charge; the price of a monograph is 2s. 

In addition, reprints of papers read at meetings, including the discus- 
sions thereon, and of papers not read at meetings, become available, 
price 2s., within two months of their appearance in the Proceedings. 

Applications, quoting the serial number of the paper, monograph or 
reprint, as well as the author’s name, and accompanied by a remittance 
where appropriate, should be addressed to the Secretary. Far conve- 
nience, books of five vouchers for this purpose can be obtained in 
advance, price 10s. 

Those who obtain a copy of a paper published individually—if they 
do not take the Part of the Proceedings in which it will be republished 
—are urged to apply in due course for a reprint, as this is the final 
and correct version and includes the discussion. 


PAPERS 


Design of automatic sensitivity control for a new subscriber’s tele- 
phone set—British Post Office 700-type telephone Paper 2867 E: 
Part B 

F. E. WILLIAMS, M.SC.(ENG.), and F. A. WILSON 


THE aim of the telephone designer has generally been the attainment 
of greater sending and receiving sensitivity, so that conversations 
may be carried on over connections of greater loss. With the 
telephone sets hitherto available, the sensitivity has not been so 
high as to give excessively loud reception on short connections. 
However, recent developments, particularly in the electromagnetic 
design of telephone -receivers, have made available substantial 
increases in sensitivity, and the new British Post Office subscriber’s 
telephone set (the 700 type) is more sensitive on long lines than its 
predecessor (the 300 type) by about 4dB in both sending and 
receiving directions. 

This enhanced sensitivity, which is of great advantage in permit- 
ting the use of longer or smaller-gauge subscribers’ local lines 
without degradation of performance, is liable if uncontrolled to be 
an embarrassment on short lines; and, in fact, subjective tests 
carried out in the field and in the laboratory have established that, 
on short connections, most subscribers would find this sensitivity 
too high. 

The problem is discussed, and it is shown that the best solution 
is the incorporation in the telephone set of an automatic regulating 
device which reduces the sending and receiving efficiencies and the 
sidetone level when the line current is high, while leaving the full 
sensitivity unimpaired on longer lines. The regulator makes use of 
the non-linear voltage/current characteristics of selenium-rectifier 
elements, biased in the forward direction by a control voltage 
derived from the voltage drop across a metal-filament lamp in 
series with the line. These elements are used to provide shunt losses 
on short lines of up to 6dB on sending and 4dB on receiving, and 
also to reduce sidetone. 

Details are given of the performance of the new Post Office 
telephone 706 which embodies such a sensitivity control as an 
integral part of the telephone set. It has as good a performance on 
a 1-kilohm local line as the 300-type set had on a 660-ohm line; at 
the other extreme, on very short lines, the sensitivity of the new 
set is, owing to the action of the regulator, no greater than that of 
the old set. 


To be read on the 8th April 1959 


Electromagnetic variable-ratio torque convertor Paper 2861 U: 
Part A 


D. O. BISHOP, PH.D., B.SC.(ENG.), and G. S. BROSAN, PH.D., B.SC.(ENG.) 
THE torque convertor differs radically from any other type known 
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to be in commercial use. It depends for its operation on the 
phenomenon exemplified in Faraday’s disc and constitutes, theo. 
retically, an ‘infinitely variable’ gear whose ratio can be varied Over 
a wide range. 

The authors give a brief description of the basic principles and 
some details of the experimental results obtained from tests on 
simple model. 


To be read on the 16th April 1959 


MONOGRAPHS 


Method of series summation and its application to the electric force 
in sphere-gaps Monograph 330 


C. V. JONES, M.ENG., B.SC. 


THE author sets out a simple procedure of general application 
whereby any function represented by a power series may be 
replaced by a sequence of rational functions, the advantage of such 
representation being that in many cases the rational functions 
converge much more rapidly than does the series. It often happens 
that the rational-function form continues to represent the given 
function accurately for values of the argument which make the 
series form diverge. 

The procedure is illustrated with a worked example, and the 
method is then applied to determine a simple expression for the 
maximum electric intensity between two equal charged spheres, 
when the sphere-gap is small compared with the diameters. 


Transient response of band-pass filters to modulated signals Mon- 
graph 331 E 
D. Q. MAYNE, M.SC.(ENG.) 


THE process of obtaining the transient response of band-pass filters 
to a suddenly applied carrier of frequency equal to or differing 
from the mid-band frequency of the filter is shown to be simplified 
by the use of Laurent’s low-pass band-pass transformation together 
with suitable approximations. The method is illustrated by an 
analysis of the m-derived band-pass filter. The effect of elements 
possessing a finite Q-factor is considered, and an estimate is made 
of the errors due to the approximations used. 





Ministry of Supply inspection services 


ON the reorganization of the Ministry of Supply inspec- | 


tion services, the title of the Inspectorate of Electrical 
and Mechanical Equipment (I.E.M.E.) has been changed 
to the Electrical Inspection Directorate (E.I.D.). The 
address remains ‘Aquila’, Golf Road, Bromley, Kent; 
the title for the Director is Director of Electrical Inspec- 
tion (D.E.I.). 

The responsibility for the inspection of mechanical 


engineering equipment has been transferred from this | 


directorate to the Inspectorate of Fighting Vehicles. 


E.I.D. has now taken over responsibility for the inspec | 


tion of aircraft equipment (from the Aeronautical 
Inspection Directorate) and Army fire-control instru- 
ments (from the Inspectorate of Armaments). 


JOURNAL L.E.E. 


SrPser Lfegn &@pz 





ea  .-  ae 


ES3a Fre arolOllO oe 


B2ren 


at - o te a 


Ser 
aS «= 


BE2H EF 


afte 


364 


MA 





| On the 
es, theo. 
ried over 


iples and 
-StS On a 


tric force 


plication 

may be 
e of such 
functions 
happens 
the given 
make the 


and the 
n for the 
spheres, 


3 Mono- 


ass filters 

differing 
simplified 
1 together 
-d by an 
"elements 
e is made 


ices 


+ inspec- | 


lectrical 


changed 
).).. The 


1, Kent; 
| Inspec- 


chanical 


om this | 


Vehicles. 
> inspec 
nautical 
| instru 


L I.E.E. 


TECHNICAL PUBLICATIONS 





FURTHER information and copies of the publications can be obtained 
from the organizations concerned, except where otherwise stated. 


ASSOCIATION SUISSE DES 
ELECTRICIENS 


Encyclopédie des isolants électriques (Encyclopedia of electrical 
insulating materials) Ziirich, 1958. 22 Swiss francs 


tus handbook provides data on the physical and chemical 
properties of all insulating materials suitable for a specific purpose. 
There is also information about the conditions in which these 
materials can be used, their behaviour in operation and the pre- 
cautions to be taken in applying them. 


BRITISH ELECTRICAL AND ALLIED 
INDUSTRIES RESEARCH ASSOCIATION 


Report G/T314 Shunt capacitance switching. A review of published 
information by D. Worth and P. H. G. Crane. 18s. (postage 8d.) 


Tis reviews the literature dealing with problems occurring in the 
switching of capacitor banks, unloaded cables and transmission 
lines. 
The production of overvoltages and overcurrents in the system 
is examined from the points of view of both the breaker and the 
circuit parameters. Damage to circuit components is considered. 
Both single-phase and 3-phase circuits are dealt with, operating in 
normal and in fault conditions. Resistance switching is discussed 
in some detail. 


Report G/XT155 Theoretical calculation of arc temperatures in 
different gases by L. A. King. -12s. 6d. (postage 6d.) 


THE physical characteristics of low- and high-current arcs, and the 
transitions between them, are examined, and the formation of the 
successive cores of the high-current and ‘supercontracted’ arcs is 
explained. 

The importance of the effect of the power dissipated from 
the arc column on the transitions is emphasized, and the modi- 
fications caused by increased peripheral cooling, e.g. by axial gas 
blast, are demonstrated. 


Report J/T170 Steels for use in steam-power plant operating above 
950°F: creep, stress-relaxation and metallurgical properties by 
R. W. Ridley, A. I. Smith, D. J. Armstrong, and Miss M. A. Cook. 


, £1 16s. (postage 6d.) 


THE results are given of an extensive investigation of the high- 
temperature properties of three steels intended for turbine-casing 
bolts and other smaller bolts in steam-power plant. 

The main data presented are the results of stress-relaxation tests 
r- HA. — total strain of 0-15% for times extending beyond 


Report L/T353 A spectroscopic investigation of short-duration, 
high-current sparks in hydrogen by P. Ravenhill. 15s. (postage 4d.) 
THE Teport describes investigations of the manner in which the 
radiation from a spark channel conducting 700amp in hydrogen is 
distributed in the spectrum and of the variation of this spectral 
distribution with time, both during the current pulse and in the 
afterglow of the hydrogen spark. 

By using a special ultraviolet-sensitive multiplier tube it was 
Possible to extend the measurements into the continuum below 
3647A (the Balmer series limit). 
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Report V/T134 System stability. Results of full-scale tests at Cliff 
Quay generating station by F. Busemann. 24s. (postage Is.) 


STEADY-STATE and transient stability tests were made on a 45 MW 
turbo-alternator connected either directly, or through 150 miles of 
Grid line, to the system busbars of the same generating station. The 
results of steady-state tests without voltage regulator were checked 
against the performance chart. 


Report V/T135 Dispersion meter, model 2A. Instruction manual 
12s. 6d. (postage 6d.) 

AN instruction manual for the E.R.A. dispersion meter, model 2, 
has already been issued as Report V/T124, which was reviewed in 
the October 1955 Journal, p. 659. 

Certain improvements in the design of this instrument enable it 
to measure dielectric dispersion over the same time range as before 
but with increased sensitivity. The improved form of the instru- 
ment is referred to as Model 2A, and the instruction manual has 
accordingly been revised. 


BRITISH INTERNAL COMBUSTION 
ENGINE RESEARCH ASSOCIATION 


A handbook on torsional vibration compiled by E. J. Nestorides. 
Cambridge University Press, 1958. £5 10s. 


THIS covers a subject of importance to designers of other machinery 
involving moving parts as well as of internal-combustion engines. 

Intended primarily for design and development staff, the book 
will also be useful to students. Recommended design formulae, 
test procedures and instrumentation are discussed in detail, and 
new information is included. 


CHALMERS TEKNISKA HOGSKOLA 


Facsimile edition of George Green’s ‘Essay on electricity and mag- 
netism’ (1828) Gdéteborg, Sweden, 1958. £2t 

Less than 100 copies of the original essay were printed, and conse- 
quently they are extremely difficult to obtain. The only reprint in 
book-form of the English text until now has been one in “The 
mathematical papers of the late George Green’, edited by N. M. 
Ferrers in 1871, and copies of this are also now quite scarce. 

This facsimile edition was printed by offset process from an 
original copy and retains the same format. The essay itself con- 
tains the foundation of the mathematical theory of electrostatics 
and magnetostatics. 


ELECTRICITY COUNCIL 


Power for the future London, 1958. not priced 


THIS booklet was prepared in connection with the Electricity 
(Borrowing Powers) Bill and forms a sequel to ‘Power and pros- 
perity’, which was published by the British Electricity Authority 
in 1954. 

The development of electricity supply in the past is outlined, and 
an estimate is made of the increase in demand over the next few 
years. An indication is given of the cost up to 1964-65 of meeting 
national power requirements. 

* Obtainable from Cambridge University 


Press , ‘ 
+ Obtainable from the Institute for Theoretical Electricity, Chalmers University 
of Technology, Géteborg S, Sweden 
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SOME RECENT BOOKS 








F. L. ALT 


ELECTRONIC DIGITAL COMPUTERS—THEIR USE 
IN SCIENCE AND ENGINEERING 


ACADEMIC PRESS. 1958. 336 PP. £3 IOS. 


THE title of this book is misleading, and the contents are 
baffling. The author does not appear to have had a clear 
objective in mind, and it is therefore difficult to see which 
group, or groups, of people could usefully read the book. 
Indicative of the author’s dilemma is Part 1—Introduction, 
in which he takes 11 pages to explain how he has written the 
book. 

Part 2 gives a brief history of computers and reviews their 
main features. However, in any such survey, accuracy is 
essential. It is not true, for example, that the Ferranti 
computers use relay switching in conjunction with electro- 
static mcmory devices. It is misleading to suggest that most 
magnetic-drum memories, in addition to their read—write 
heads, have an erase head. The author claims that it is not 
possible to record economically onto magnetic tape from a 
keyboard. This is not correct—the uneconomic operation is 
the manual correction or checking of what has been recorded. 

The third part, on coding, is very readable, but it is difficult 
to understand why half the section should be devoted to 
four-address coding systems, when, as the author himself 
says on p. 66, ‘only a minority of today’s machines use a 
three- or four-address code’. 

Part 4, on problem analysis, is by far the most useful section 
of the book and justifies its production. The author is 
obviously an expert and enthusiast in this branch and gives a 
lucid description of the many factors to be considered. 

The last part is a too-brief summary of many of the types 
of problem for which a computer can be used—applications 
which are well known to anyone engaged in the field. 





D. E. BARNES and D. TAYLOR 
RADIATION HAZARDS AND PROTECTION 
NEWNES. 1958. 178 PP. 30S. 


THE wide expansion of interest in recent years in all matters 
connected with nuclear energy and the use of radioactive 
materials has emphasized the need for a book which presents 
a balanced assessment of the hazards and examines the 
protective measures required. 

In 23 chapters, so far as possible self-contained and not 
demanding constant cross-reference, the authors discuss the 
necessity for protection, how it may be obtained and the 
problems encountered in making measurements to show that 
it has been obtained. The chapters on measurement tend to 
stress in detail the instruments and the types of procedure 
required for metering isotopes used as a tool for industry, 
whereas the primary tests to assess the hazard of an operation 
or to establish that satisfactory safety measures have been 
employed are treated somewhat briefly. 

Engineers and executives needing some background 
knowledge of radiation protection can, by selective reading 
of the book, acquire an outline of the hazards of handling 
radioactive materials and of the means of protection. The 
worker using radioactive materials for the first time will find 
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many of his problems discussed or referred to, but he is often 
left to find his own solution. 

The book would be better if the authors gave more adequate 
references so that the reader wanting detailed information 
on practical protection measures, or the health physicist 
wishing to go more deeply into the subject, would know the 
published articles to consult. 


A. H. W. BECK 
SPACE-CHARGE WAVES 


LONDON: PERGAMON PRESS. £4 10S. 


1958. 396 PP. 


THIS eighth volume in the international series of monographs 
on electronics and instrumentation explains the general 


theory of waves in electron beams, the slow waves on metal | 
structures with which the beams can interact, and some | 


specific solutions relevant to modern microwave amplifiers 
and oscillators. 
Space-charge waves are assuming great importance in 


microwave-valve theory as the ballistic method of the theory § 


of bunching becomes increasingly difficult to apply to modern 
valve devices with long, magnetically focused beams. The 
publication of the book is thus timely. The selection and 
arrangement of the material are excellent. The first three 
chapters give a nice description of the ideas involved in space- 
charge-wave methods, summarize Maxwell’s and wave 
equations, and discuss slow-wave structures, thus setting the 
stage for chapters covering space-charge-wave theory. Later 
chapters deal with the problems of klystrons, travelling-wave 
amplifiers, backward-wave amplifiers, oscillators and other 
devices of the crossed-field type. Noise problems are con- 
sidered in the final chapter, and there are 12 appendices, 

It is probably the first work written in English primarily 
devoted to this new subject, and the author had a great 
responsibility to present the material so that valve engineer 
can make something of it. In his preface, he rightly deplores 
the attitude of many British engineers who regard mathe 
matics as impossibly difficult, but he does not encourage 
them to change their approach by writing a textbook of 
moderate mathematical content whose ‘readability’ is impaired 
by the presence of many mistakes and proof-reading errons. 


The book is well produced, quite well illustrated, but rather 


expensive. 


F. J. BIONDI (Editor) 

TRANSISTOR TECHNOLOGY—VOL. 3 

VAN NOSTRAND. 1958. £4 14s. 

VOL. 1 of this work (reviewed in the September 1958 Journal, 
p. 512) dealt with developments up to 1952, with mos 
attention being paid to the control of the purification and 
crystalline perfection of germanium and to the fabrication 0 
point-contact and grown transistors. In Vol. 2 (reviewed i 
the December 1958 Journal, p. 677) emphasis shifted 
transistor electronics, the branch of the subject which predict 
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and explains the electrical properties of transistors in tem ® 


of the internal physical effects. Vol. 3 returns, in lag 


measure, to the problems of manufacture and makes ven § 
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interesting reading, whether or not the reader has any previous 
experience of the subject. 

The first quarter of the book goes right to the heart of the 
problem—the production of junctions and the accurate 
control of their positions. The basis for each of the solutions 
used so far is analysed with much attention to the ways in 
which control of impurity concentration is achieved; the 
formation of junctions by diffusion is given due space. 

The processes used in transistor manufacture are dealt with 
in the second and third quarters of the book. Descriptions 
are given of etching techniques, leading to the surface-barrier 
transistor, of photo-engraving which promises control of 
the geometry of some very small units, of the making of 
ohmic contacts, and of the widely used alloying processes; 
diffusion techniques are covered by the reprinting of four 
important recent articles. The book concludes with a short 
chapter on methods of measuring the properties of germanium 
and silicon, a more comprehensive chapter on device measure- 
ment, and brief statements on the laboratory assessment of 
reliability and on some field experience. 

The book is strongly recommended to all electronic engi- 
neers as the best—most comprehensive and most interesting— 
account of the principles and details of transistor manu- 
facture; with Vols. 1 and 2 it stands as a worthy monument 
to the great efforts of the Bell Telephone Laboratories in so 
rapidly advancing this technology. 


J. L. BOWER and P. M. SCHULTHEISS 


INTRODUCTION TO THE DESIGN OF 
SERVOMECHANISMS 


NEW YORK: JOHN WILEY. LONDON: CHAPMAN AND HALL. 
1958 5IO PP. £5 4s. 


THIS is a good introductory book, based on the authors’ 
lectures to undergraduates and first-year graduate students at 
Yale University, and can with only minor reservations be 
recommended to its intended audience. 

It can be said of many a technical author, as of the historian 
Buckle, that ‘he has packed a bag for a journey which he 
never undertakes’. In contrast, the introductory material here 
is concise, lucid and relevant. 

The greater part of the text deals with the steady-state 
analysis and synthesis of linear feedback loops, covering 
Nyquist and Bode diagrams, stability of single and multiple 
loops, design of simple equalizers, the use of minor loops in 
place of equalizers or to buffer a variable element, computa- 
tion of error and compliance, and root locus methods. The 
treatment is distinguished by clear exposition, by concentra- 
tion on simple but informative approximate methods, and by 
liberal use of examples carefully constructed to make a 
pedagogical point without departing too far from practical 
likelihood. 

Time-domain response is less fully treated, statistical 
considerations are limited to power spectra of signals and 
noise, while sampled-data systems are omitted completely. 


_ These lacunae are pardonable in an introductory book. There 


is a substantial chapter on non-linear topics, including the 
effects of saturation, the use of perturbations and describing 
functions, and the approximate solution of a non-linear 
problem by analogy with a linear but time-varying system. 
Finally, an appendix outlines the properties of typical servo- 
components, electrical, mechanical and hydraulic. Industrious 
Students will relish the problems, which aré numerous, 
instructive and of interesting diversity. 

There is one significant error in this otherwise excellent 
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work. Section 11.18 purports to compare examples of linear 
and non-linear filtering. In fact, each of the two circuits 
shown consists of a non-linear source followed by a linear 
network. 


C. W. BESSERER 
MISSILE ENGINEERING HANDBOOK 
VAN NOSTRAND. 1958. 600 PP. £5 9S. 


WE have here a reference work compiled for the use of the 
rocket and missile engineer. It naturally has an American 
slant and contains some information of direct use to Ameri- 
cans only, such as tables of design specifications issued by 
the U.S. military authorities. 

One-third of the book is taken up with a glossary, the 
useful matter in which is accompanied by a rather high 
proportion of abbreviations, jargon and self-evident expres- 
sions. The remainder comprises tables, graphs, formulae, and 
short notes on most physical subjects affecting the art of 
guided-missile design and operation. Many of the tables are, 
of course, reprinted from standard sources, though few 
persons would know where to go for all of them, especially 
those dealing with space flight; and for that reason, as well 
as for its convenience, the book justifies itself. 

The transcribing of data always has its pitfalls, however, 
and some errors and anomalies occur. For example: the 
speed of light is given on p. 21 as 2:99790 x 10!°cm/s and 
is followed immediately by the speed of electromagnetic 
propagation as 3 x 10!%cm/s, without comment. In a con- 
version table on p. 11,dealing with the numerical ratio between 
dimensionally similar quantities in differing systems of units, 
there occurs, without comment: thrust equals horse-power 
x 2-6. On pp. 242 and 243 the treatment of the radar 
equation is confusing and contains several misprints. 

The index is good, and the production is well up to 
American standards. 


M. G. SAY 


THE PERFORMANCE AND DESIGN OF 
ALTERNATING CURRENT MACHINES 


PITMAN. 3RD EDITION. 1958. 664 PP. 37S. 6D. 


THE fact that this book is now in its third edition is evidence 
that it has met a need. The most notable change is the 
conversion to rationalized M.K.S. units; and the value to 
students has been increased by the addition of a chapter on 
the circuit theory of electrical machines. 

The three main divisions of the book deal with trans- 
formers, 3-phase induction machines, and synchronous 
machines, respectively. In each, the treatment follows the 
same general plan: theory, performance and control, testing, 
construction, design. This is consistent with the author’s 
expressed aim of providing primarily for the needs of users 
rather than of designers. 

The book is written in excellent style, with a proper regard 
for the English language. It is refreshingly up to date, not 
only in its references to recent technical literature, particu- 
larly the vast literature on synchronous machines, but also 
in having sections on electromagnetic pumps and electric 
braking. It is, however, regrettable that space could not be 
found for a.c. commutator machines. Perhaps in a future 
edition the author will reconsider his view that the interest 
nowadays in synchronous and motor convertors justifies the 
37 pages he devotes to them. 


177 





S. SEELEY 
ELECTRON-TUBE CIRCUITS 
McGRAWG-HILL. 1958. 695 PP. £4 IS. 6D. 


THE author deals first with the characteristics of valves, 
transistors and cathode-ray tubes and then discusses equiva- 
lent circuits. The book contains a thorough treatment of 
electronic circuits for amplification, oscillation, modulation 
and demodulation. There are also chapters dealing with 
relaxation circuits, sawtooth-waveform generators, and circuits 
for use in analogue computers. 

Some transistor circuits are introduced, but the main 
emphasis is on valves—in accordance with the title. The 
scattered sections on transistors do not appear to fit too well 
into the framework of the book. While there are basic 
principles which apply to all types of amplifier, it would 
seem better to deal with actual transistor circuits separately, 
since they are so different from valve circuits. 

The book is well produced and has an exceptionally large 
number of clearly drawn diagrams, though those on pp. 182 
and 183 have got muddled. Examples are worked out in the 
text, and each chapter ends with many problems—some of a 
broad design character—for which no answers are supplied. 

The book can be recommended as a comprehensive, 
clearly written, reasonably up-to-date account of valve 
circuits. 


T. E. R. SINGER (Editor) 


INFORMATION AND COMMUNICATION 
PRACTICE IN INDUSTRY 


NEW YORK: REINHOLD. LONDON: CHAPMAN AND HALL. 1958. 
304 PP. £3 IOs. 


BY its title, this might be a book on the inveterate managerial 
problem of how to get the word down the line. Instead, it 
concerns works libraries, but mainly in their more advanced 
and ramified forms, when they become technical information 
departments. 

Some chapters are on matters proper to the internal 
workings of the information department, but others are of 
general interest as a reminder, or revelation, that it can be 
developed for such purposes as the production of the firm’s 
technical reports, internal or otherwise, the provision of 
recordings and pictorial aids for lectures, and the systematic 
garnering of useful data from the firm’s correspondence files. 





A visual aid on visual aids 





American experiments in mechanized searching are 
touched on in the chapter on patent searching and elsewhere. 
Operational research into the working of information depart- 
ments receives a chapter, commendable as a clear description 
of the technique and a balanced appraisal of its considerable 
potentialities in this field. 

The broader viewpoints are not neglected. The introductory 
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chapter—very well written—not only outlines the structure of 
information departments, defining their functions and Value, 
but tabulates their present size and cost according to partial] 
surveys in American industry. Moreover, several commenta- 
tors are quoted, to the effect that the figures denote inadequate 
expenditure. 

Nearly every chapter is written by a specialist with recent 
technical experience and is generously substantiated by 
references: the index to the book is in places fallible, as if the 
contributors each made entries without editorial supervision, 

As this is an American book, the practices and examples 
cited naturally derive from American firms, particularly | 
chemical firms; but it stands as a convenient, authoritative, 
and, in the main, palatable résumé of industry’s present 
means of gathering and propagating information. 






F. G. SPREADBURY 
ELECTRICITY IN AIRCRAFT 
CONSTABLE. 1958. 342 PP. £2 


ONCE again the author has packed a large amount of | 
interesting information into a small book in a rather untidy |, 
manner. Electrical engineers could scarcely use it for design | , 

( 





purposes, technicians may find it impressive, students may | 
well be confused; the specialized needs on electricity in 
aircraft are not really met. Such needs are likely to be met 
only by careful reading of the many British and American | 
journal papers from which the author assembles much of his | 
matter with a superficiality of formulae which do not get us 
far. The bibliographies contain some useful references, in f 
addition to the author’s other books, from which he draws | 
extensively. 

The chapter on ‘D.C. generation in aircraft’ (63 pages) | 
contains only a small proportion that is of direct value on | 
this subject. ‘Generation: a.c. and rectified a.c.’ (40 pages) is § 
an interesting introduction to a complex subject needing 
much deeper treatment. ‘Convertors and inverters’ suffers [ 
from inaccurate interpretation of some aspects of present 
practice. ‘Aircraft storage batteries’ (37 pages) aims to impress 
but does not give any discharge/voltage curves, the chief 
concern of makers and users. ‘Switchgear and cables’ 
(50 pages) is a useful survey of the problems encountered. 
‘Motors and their applications’ (27 pages, of which ten are 
devoted to various kinds of engine starter) deals also with i 
actuators and their mechanical features; a whole work ” 
would be justified on this subject. ‘General utilization equip | 
ment’ (21 pages) is of general interest. In “Testing and test i 
equipment’ (60 pages), the author is evidently on home | 
ground and provides some useful introduction to practical } 
methods of testing aircraft motors and generators. 

Throughout the book, many graphs, sketches and photo- 
graphs are shown, but none is given a title or is indexed. § 
Altogether, the book comes far short of what the prospective 
reader might expect. 
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E. OPENSHAW TAYLOR (Editor) 


NUCLEAR REACTORS FOR POWER 
GENERATION 


NEWNES. 1958. 144 PP. 2IS. 
IN this book, seven different authors cover these topics it 
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reactor design; Safety and instrumentation; Applications and 
economics. 


Generally speaking, the authors seem to know what they 
are writing about; the treatment is concise, and there are no 
obvious errors. The chapters on ‘Materials’ and ‘Safety and 
instrumentation’ are authoritative. The general level is that 
of a second- or third-year degree course. 

The book can be recommended as an excellent introduction 
to the subject defined by its title. 


p. F. TUTTLE, JUN. 
NETWORK SYNTHESIS—VOL. 1 


NEW YORK: JOHN WILEY. 
1958. 1175 PP. £9 8s. 
THis is altogether a rather remarkable book. It is notable first 
for its completeness, despite the cautious statement by its 
author that not all network-synthesis methods are presented. 
Secondly, the subject-matter is well organized and the 
discussion pursued with singular clarity. Thirdly, and perhaps 
most important for the practising engineer, sight is never lost 
of the ultimate objective—the synthesis of actual networks to 
meet practical telecommunication requirements. 

To this end, the book is liberally sprinkled with worked 
examples, to which are added numerous set problems at the 
end of each chapter. It should thus prove as valuable an 
acquisition to the practising network designer as to the pure 
academic. Indeed, it can also be recommended to any engineer 
not directly associated with network synthesis who wishes to 
advance his horizons a little beyond the immediate daily 
bread. 

This volume is entirely devoted to the properties of passive 
two-terminal networks and to their synthesis in terms of a 
prescribed frequency response. No attempt is made to discuss 
transient performance. Two introductory chapters precede 
a relatively comprehensive discussion of the basic theorems 
pertaining to the functions of a complex variable. The next 
chapter, entitled ‘A consideration of energy, with some 
remarkable conclusions’, is in fact concerned with the 
concept of positive reality; and while the conclusions are 
certainly noteworthy, they are not entirely unexpected. 

Six chapters discuss fully the further requirements on 
immittance functions, given the initial concept of positive 
reality. The author then considers some typical applications 
and the practical limitations imposed by various parasitic 
effects in practical networks. 

Chapter 13 is concerned with the problem of approximating 
a prescribed frequency response, expressed graphically, by a 
tealizable immittance function. This, of course, is the kernel of 
the problem as seen by the practising engineer. Two criteria 
are examined: least-error and mean-square-error. The 
methods described include the Taylor approximation, the 
Padé table, and the Chebyshev approximation. 

About 200 pages are used to deal with approximations via 
the potential analogy. The purpose is not so much to 
encourage the use of analogue-computing techniques as to 
provide a conceptual approach particularly applicable to 
those problems where the response is to have a constant 
value over the prescribed frequency range. The final chapter 
contains illustrative worked examples and a set of appendices 
On computational matters such as root finding and the 


calculation of one part of an immittance function from the 
other, 
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B. H. WEIL (Editor) 
TECHNICAL EDITING 


NEW YORK: REINHOLD. LONDON: CHAPMAN AND HALL. 
265 PP. £2 6s. 


AMERICANS set much store on presenting technical informa- 
tion successfully, with their degree courses, groups in learned 
societies and symposia devoted to the subject, and with a 
high average quality of technical journal and book. ‘Technical 
editing’, written by 21 American editors of varied occupation, 
stems from this emphasis. Four parts of the book cover 
editing internal documents, journals, books and manuals, 
and graphic aids, while a fifth gives some general tips. The 
bias is towards industrial editing—technical reports, house 
magazines, abstracts for internal use, equipment manuals— 
and the advice, though somewhat general, is sound. So also 
are the views given on journal and book editing, but here the 
authors hardly discuss the more creative side of an editor’s 
work—obtaining ideas and authors, writing prefaces and 
leading articles, planning features, etc. Again, the book does 
not mention libel or copyright—an amazing omission. 

Professional engineers engaged in true engineering should 
not waste time reading the book; for improving literary skill 
a book on technical writing will serve them better. But 
to the engineer-journalist or information officer, whether 
tiro or old hand, the book will prove helpful and stimu- 
lating. 

Mr. Weil has handled his editor-authors skilfully, and his 
book is exemplary of how a team should write. Little over- 
laps, and even less contradicts. But there are minor incon- 
sistencies: ‘by-line’ (p. 15) becomes ‘byline’ (p. 31), ‘checklist’ 
(p. 222) becomes ‘check-list’ (p. 234); ‘Emberger’ (p. 243) 
becomes ‘Embenger’ (p. 246). And phrases like ‘so unique” 
and ‘high degree of’ creep in occasionally. Small blemishes 
maybe, but with 21 editors having a hand, not to mention 
the publisher’s editor and the printer’s reader, one surely 
looks for perfection. Moreover, the book’s design is un- 
inspired, and the binding is poor. To speak really success- 
fully, a book of this kind must live up to its ideals in all 
respects. 


1958. 


G. N. WALTON 
GLOVE BOXES AND SHIELDED CELLS 
BUTTERWORTH. 1958. 515 PP. £4 15S. 


THE hazards associated with radioactive substances are of two 
kinds—penetrating radiation and the entry of radioactive 
matter into the human body. Radiation is dealt with by 
enclosing sources of radiation within thick concrete or lead 
shields in which the radiation gets absorbed. The method of 
protecting workers against intake of radioactive material is 
by preventing the spread of radioactive contamination to 
their working environment, by complete containment of the 
source. 

All laboratory and workshop operations on radioactive 
materials have to be carried out in the appropriate conditions 
of shielding and containment, and completely new techniques 
have had to be devised to make this possible. 

The present book is a record of the proceedings of a 
symposium devoted to these techniques, held at Harwell in 
1957. It is the first authoritative work on this subject and 
includes contributions from French, Australian and Ameri- 
can, as well as British, sources. Every laboratory working with 
radioactivity should have a copy. 
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Ww. S. WOOD 
THEORY OF ELECTRICAL MACHINES 
BUTTERWORTH. 1958. 317 PP. £2 IOS. 


SINCE Arnold’s monumental works appeared at the beginning 
of the century, German literature has been rich in books on 
electrical machinery. America, too, has many texts, most of 
them published since Park’s important concept of the basic 
synchronous machine touched off the ‘new look’ in techno- 
logical analysis. In Britain, by contrast, there have been 
remarkably few since Hawkins’s ‘The Dynamo’ appeared 
about 40 years ago. However, in the past year or so at least 
three sizable textbooks have appeared, and here is another. 

The book is intended to provide a complete text in electrical 
machines, suitable specifically for final-year electrical- 
engineering students; and only in this context may it be 
properly assessed. ‘The aim has been to treat the subject in 
as general a fashion as possible without departing from the 
conventional methods of analysis employing equivalent 
circuits and vector diagrams. Since the reader is expected to 
possess an elementary knowledge of electrical machines, 
little attention has been given to constructional detail.’ 

What material should comprise a modern text on this 
subject for final-year students? Tot homines, quot sententiae, 
no doubt; but a broad view, illumined by recent thought 
(especially in the field of general analysis), could surely be 
expected. An electrical machine is not an isolated bit of 
mechanism: it links an electrical network to a mechanical 
system (prime mover or load), and its operation is profoundly 
affected thereby. Again, all electrical machines are variants 
on common electromagnetic principles, so possessing a 
family likeness seen, on investigation, to be very close. 
Finally, a machine is not just a circuit but an organism with 
strong mechanical, thermal and insulation aspects. 

Viewed in this light, the book is frankly disappointing. It 
is traditional. It breaks little new ground and mounts no 
fresh attack. It says nothing at all about the problems of 
cooling and insulation—although a great deal about distribu- 
tion factor. The essential identity of generator and motor action 
is overlooked (‘a generator can be made to run as a motor’). 

The author is Lecturer in Electrical Machinery at the 
Royal College of Science and Technology, Glasgow. His 
book has some suggestion of a lecture notebook written up 
at length but without quite enough cohesion. There are many 
places where the notes are inaccurate—or at least debatable. 
It is not necessary, apparently, to insulate the rotor bars of a 
cage winding because each bar ‘is actually a complete phase 
in itself’. A 2-phase winding is chosen solely on the grounds 
of its distribution factor, with no mention of its ability to 
develop a rotating field. The analysis of the induction motor 
is based solely on the constant-flux assumption (somewhat 
elementary, one would think, for a final-year student), so 
leading to incorrect conclusions about generator action, 
where stator resistance has a marked effect. 

The author’s views on armature reaction are unorthodox. 
He feels, apparently, that armature magnetomotive force is 
not productive of armature reaction except in the direct axis. 
As a result, a symmetrical d.c. machine is credited with 
having no armature reaction. The same is the case with the 
induction motor. (Does armature reaction then only rear its 
ugly head when the rotor is d.c.-excited ?) 

Inordinate space is devoted to basic Fourier analysis, 
knowledge of which might be regarded as possessed already 
by a final-year man. Yet commutation in d.c. machines 
is dismissed in a few lines. A short appendix on the 
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‘Fundamentals of design’ concerns itself only with output ¢o. 
efficient and makesasomewhat naive remark about transformer 
cores sometimes having more steps than the cruciform Shape, f 

The book seems too cloistered. There are some goog } 
sections (on windings, m.m.f., rectifiers, transformers, ang 
generator short-circuits), and the format is pleasing. But the 
over-all achievement lacks the modern viewpoint. 


V. K. ZWORYKIN, E. G. RAMBERG and L. E. FLORY 
TELEVISION IN SCIENCE AND INDUSTRY 


NEW YORK: JOHN WILEY. LONDON: CHAPMAN AND HALL, 
1958. 289 PP. £4 

THIS is the first really comprehensive and up-to-date account 
of the important applications of television outside the 
entertainment field. The historical opening is noteworthy for 
the emphasis placed on the scientific and industrial objectives 
which inspired the early television pioneers and for the 
tribute paid to Campbell-Swinton. 

After a challenging review of potential contributions to 
diverse fields of endeavour, from medicine and biology to | 
home and farm, the book divides naturally into an account 
of basic designs and available apparatus, followed by a | 
clearly described and well illustrated presentation of the | 
applications of television to science and industry. 

Industrial television permits further refinements of sight, | 
like colour and stereoscopy, which are at present uneconomic 
in the entertainment field, while its application to older 
methods of analysis, such as microscopy and X-ray diagnosis, 
has greatly enhanced their effectiveness; and this is discussed [ 
in such a way as to give the reader a good grasp of possi- | 
bilities and limitations. Applications are described covering | 
a wide field, on the industrial side in manufacturing, mining, | 
transport, moving pictures, and aeronautics, and on the J 
research side in nuclear work, particle counting and identifica- F 
tion, and area displays of skin potentials. Finally, reference 
is made to the importance of closed-circuit television | 

¥ 





bringing brilliant and inspiring lecturers into the class-rooms, 
leaving the teacher in a better position to perform his main 
task of personal guidance. 

This book is of value to professional engineers and 
advanced students who recognize the existing and potential | 
applications of industrial television as important techniques 
in research and industry. 

The book confines itself to alloyed junction transistors, and | 
the numerical examples all relate to the products of om 
manufacturer. It is a pity, in the circumstances, that mores J 
not said about the likely spread in the characteristics of thes 
transistors, since this hasan important bearing oncircuit design 

The bibliography has only one reference later than 1956. | 
The chapter on h.f. amplification has only five references, 
none later than 1955, while that on d.c. biasing and lf 
amplification has no bibliography at all. 

Much of the book is tedious to read, nor can the reader 
easily see the wood for the trees; one has a feeling that th 
authors found the book tedious to write. It cannot be recom 
mended to the newcomer to transistors or to the readet 
looking for a clear over-all picture. It will be of most valu 
to those already engaged in transistor-circuit work who need 
a reference book to help them in their day-to-day circul § 
problems. So long as the problems can be identified with om 
of the many treated in the book, all will be well; but if not 
the reader will find difficulty in extracting the kind of bad 
ground information needed in dealing with the more unusw § 
circuit problems. 
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* penotes that the publication is also in the Lending Library. The 
publications cannot be bought through The Institution; the pub- 
lishers and the prices are given only for the convenience of members 
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BOOKS 

ALDOUS, W. H., and APPLETON, E. 621.385 
Thermionic vacuum tubes and their applications. 7th edition* 
London, Methuen, 1958. pp. vii, 162. 17 x llcm. Ils. 6d. 


An explanation for physics students at university level of the internal 
action of thermionic valves and their behaviour in typical circuits. 
Recent developments concerning thermionic cathodes and transit-time 
yalves are included in this new edition. 


BIONDI, F. J. (Editor) 621.314.7 
Transistor technology—Vol. 2* 
Princeton, New Jersey, Van Nostrand, 1958. pp. xiii, 701. 


23-5 x 15-S5cm. £6 Ils. 6d. 


This is the second of three volumes by the staff of the Bell Telephone 
Laboratories. It deals with the technology of materials and the principles 
of transistor design, considering in turn diodes, triodes, switching 
devices and tetrodes. This work was reviewed in the December 1958 
Journal, p. 677. 


BIONDI, F. J. (Editor) 621.314.7 
Transistor technology—Vol. 3* 
Princeton, New Jersey, Van Nostrand, 1958. pp. xiii, 416. 


233-5 x 15-S5cm. £4 14s. 


Vol. 1 dealt with manufacture and testing of transistors, Vol. 2 with 
materials and the principles of design. This volume deals with the 
preparation of junction structures, fabrication technology, measure- 
ments and reliability. A review appears on p. 176. 


BRANS, P. H. 
Radio-tube vade-mecum. 14th edition 
Antwerp, Brans, 1958. pp. 464. 29 x 21cm. 32s. 


Gives data on practically every known receiving valve (apart from 
obsolete types), together with diagrams and base connections. 


621.385 


BRUNST, W. 621.365.5 
Die induktive Warmebehandlung unter besonderer Beriicksichtigung 
des Hartens der Stahle (Inductive heat-treatment with special 
reference to the hardening of steel) 

Berlin, Springer, 1957. pp. xii, 240. 25-5 x 17cm. £3 14s. 5d. 


A detailed account of the fundamentals of induction heating, the 
techniques for various circumstances and the coils, transformers and 
equipment used. 


BUCKINGHAM, H., and PRICE, E. M. 621.38 
Principles of electronics. 2nd edition* 
London, Cleaver-Hume, 1958. pp. 419. 17 x 12-Scm._ 17s. 6d. 


An elementary book dealing with the theory of electronic devices and 
with their practical applications. 


CAUER, W. 621.318.7 


Synthesis of linear communication networks—Vols. 1 and 2. 2nd 
edition* 

New York, McGraw-Hill, 1958. 
£7 11s. Od. 


This is a translation of the original German edition, ‘Theorie der 
linearen Wechselstromschaltungen’, published in 1954. Vol. 1 is a basic 
exposition of network analysis and synthesis and a discussion of the 
image-parameter method. Appendices give formulae, tables, charts 
and examples for practical design purposes. Vol. 2 discusses the 
insertion-parameter design method, band-separation networks and 
network equivalents. Appendices give the mathematical foundation of 
circuit theory, notes on the latest development of network theory and 
a bibliography. The work will be reviewed in a future issue. 


pp. xxxvi, 866. 24 x 15-5cm. 
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CUSACK, N. 537 


The electrical and magnetic properties of solids. An introductory 
textbook* 


London, Longmans, Green, 
£2 5s. 


A book for degree and postgraduate physics students. It discusses 
electrical conductivity, emission and contact phenomena in metals, 
properties of semiconductors, superconductivity, dielectrics, ferro- 
electricity, dia- and para-magnetism, etc., explaining them within the 
context of contemporary solid-state physics. Bibliographical references 
to the specialist literature of the subject are included. 


1958. pp. xv, 428. 23 x 16cm. 


FRISCH, O. R. (Consulting Editor) 

The nuclear handbook 

London, Newnes, 1958. pp. xv, 628. 18 x 12cm. £2 10s. 
Gives basic data, as far as possible in tables and graphs, under 19 
headings. These include theory, radiation effects and protection, 
natural radioactivity, materials, particle accelerators, reactors, elec- 
tronics, deflection techniques and magnetic materials, and cloud 
chambers. To be reviewed. 
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FROST-SMITH, E. H. 621.318.42 
The theory and design of magnetic amplifiers* 
London, Chapman and Hall, 1958. pp. xix, 487. 23 x 15cm. 


£3 15s. 

A full consideration of the theory and characteristics of transductors 
leads up to the design, construction and applications of magnetic 
amplifiers. Numerical examples and typical problems are included. 
This book will be reviewed in a future issue. 


GOTTLIEB, I. 

Basic pulses 

New York, Rider, 1958. pp. 175. 23 x 15cm. 28s. 
This is an attempt to explain pulses as simply as possible and without 
the use of mathematics. It is written for the radio and television amateur 
and serviceman but may additionally be useful to others unfamiliar with 
the subject. 


621.374 


GRABBE, E. M., RAMO, S., WOOLDRIDGE, D. E. (Editors) 
621-52 
Handbook of automation, computation, and control. Vol. 1—Control 
fundamentals 
New York, Riley, 1958. pp. xx, 994. 24 x 15-Scm. £6 16s. 
The first of three volumes. It is largely mathematical, dealing with 
Boolean algebra, probability and statistics with numerical analysis, 
operational research, information theory and feedback control. 
Vol. 2 will be on computers and data-processing and Vol. 3 on systems 
and components. To be reviewed. 


IMHOF, A. 621.315.6 
Hochspannings-Isolierstoffe (High-voltage insulating materials) 
Karlsruhe, G. Braun, 1957. pp. x, 313. 21-5 x 13cm. £2 18s. 5d. 
This book was reviewed in the November 1957 issue of the Journal, 
p. 603. It is intended as a survey of the subject for both chemists and 
engineers. Of particular interest are the section dealing with the 
deterioration of insulating materials and the list of relevant standards 
published by various bodies in the United States, Britain, Germany, 
France and Switzerland. 


LEECH, J. W. 531 


Classical mechanics 

London, Methuen, 1958. pp. ix, 149. 19 x 13cm. 12s. 6d. 
The study of modern physical theory demands a familiarity with the 
Lagrangian and Hamiltonian formalisms of classical mechanics. This 
volume presents, for the first time, a self-contained introductory account 
suitable for use in final-year undergraduate and first-year postgraduate 
courses. 
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LLOYD’S REGISTER OF SHIPPING 629.12 
Rules and regulations for the construction and classification of steel 
ships 

London, Lloyd’s Register, 1958. pp. 545. 29 x 25cm. n.p. 


Includes construction rules for electric propelling machinery and for 
electrical equipment. 


MARTON, L. (Editor) 621.38 


Advances in electronics and electron physics—Vol. 10* 


New York, Academic Press, 1958. pp.x, 320. 23 x 15:5cm. £4 
An annual volume containing critical and integrated reviews in the 
field of physical electronics, including semiconductors, microwave optics 
and valve reliability. This volume contains cumulative author and 
subject indexes to all the ten volumes which have been published. 


MASON, W. P. 534.1 


Physical acoustics and the properties of solids* 


Princeton, New Jersey, Van Nostrand, 1958. 
23-4 x 15-Scm. £3 7s. 6d. 


An introduction to the uses of wave transmission in solids by one of 
the research staff of the Bell Telephone Laboratories. The underlying 
physics is presented as simply as possible, with a minimum of mathe- 
matics. The author deals first with the fundamentals of wave propaga- 
tion, transducer generators and measurements and then discusses 
analysis of the sources of dissipation and elastic dispersion in solids. 
To be reviewed. 


pp. xii, 402. 


McCRONE, A. K. L. 621.436 
Diesel plant operators’ handbook 
London, Pitman, 1958. pp. 215. 24 x 15cm. 20s. 


A simple account of the Diesel engine and of the principles of the 
associated electrical generating and control equipment and measuring 
apparatus used in Diesel-electric power plant. 


RICHARDS, E. A. 621.314.6 
Metal rectifier engineering * 
London, Pitman, 1958. pp. viii, 209. 22-5 x 14-5cm. 37s. 6d. 


Deals with the principles and the electrical and mechanical design of 
rectifiers and is intended to ensure that the right type is selected for a 
particular job. Transformers for use with rectifiers, smoothing and 
voltage control are covered. To be reviewed. 


SANDRETTO, P. C. 621.396.93 


Electronic avigation engineering 

New York, International Telephone and Telegraph Corporation, 
1958. pp. vii, 772. 23-5 x 16cm. n.p. 

The title is not a printer’s error. The author claims that while navigation 
is correct for ships it is wrong for aircraft: ‘avigation’ is derived from 
the Latin avis—a bird. Deals with the systems and equipment in four 


groups: en-route long-distance, en-route short-distance, approach and 
landing, and airport. In each case the requirements are defined. 


STARR, A. T. 621.3 (076) 
Whittaker’s arithmetic of electrical engineering for technical 
students and engineers. 4th edition, revised 

London, Pitman, 1955. pp. v, 193. 19 x 12cm. 10s. 


WARREN, A. G. 517 
Mathematics applied to electrical engineering. 2nd edition, revised 
London, Chapman and Hall, 1958. pp. xvi, 464. 23 x 14cm. 
£3 10s. 

This well known work has been extensively revised. There is a new 
chapter on functions of a complex variable, the Fourier integral is now 
considered, additional examples of the use of Bessel functions are 


included, and the use of analogue computers for solving differential 
equations is explained. 
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OTHER PUBLICATIONS 


ARINC RESEARCH CORPORATION 

Deterioration mechanisms in electron tubes by C. L. Noelcke 
Arinc Research Monograph No. 6 

Washington, Arinc Research Corporation, 1958. 
28 x 23cm. nm.p. 


pp. 208. 


BRITISH BROADCASTING CORPORATION 

The A.B.C. of atomic energy by Sir Christopher Hinton 

London, B.B.C., 1958. pp. 38. 23-5 x 18cm. Is. 3d. 

The engineering facilities of the B.B.C. monitoring service by C. J. W. 
Hill and H. S. Bishop 

Engineering Division Monograph No. 22 

London, B.B.C., 1958. pp. 15. 28 x 22cm. 5s. 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL 
RESEARCH 

Estimates of resources devoted to scientific and engineering research 
and development in British manufacturing industry, 1955 

London, H.M.S.O., 1958. pp. 50. 24:5 x 15-5cm. 3s. 


ELECTRONIC INDUSTRIES ASSOCIATION 

Reliable electrical connections 1958 

Third E.I.A. Conference on reliable electrical connections, Dallas, 
Texas, December 2, 3, 4, 1958 

New York, Engineering Publishers, 1958. pp. 286. 24 x 16cm. 
£3 2s. 


INTERNATIONAL SCIENTIFIC RADIO UNION 
Proceedings of the XIIth general assembly held in Boulder, Colorado, 
U.S.A., from August 22nd to September Sth, 1957. Volume XI. 
Commission VI on radio waves and circuits 

Brussels, U.R.S.I., 1958. pp. 195. 24 x l6cm. np 


MINISTRY OF SUPPLY: ROYAL RADAR 
ESTABLISHMENT 

International symposium on electronic components 
Malvern, Royal Radar Establishment, 1958. pp. iv, 224. 
32 x 20cm. n.p. 


NATIONAL ACADEMY OF SCIENCES—NATIONAL 
RESEARCH COUNCIL 

Annual report of the Conference on electrical insulation, 

1957 meeting 

Washington, National Academy of Sciences—National Research 
Council, 1958. pp. xii, 70. 28 x 21cm. 24s. 


NATIONAL COAL BOARD 

Electrical accidents at collieries (with special reference to the effects 
of electric shock) 

London, National Coal Board, 1958. Production Department Infor- 
mation Bulletin No. 57/188. pp.6. 33 x 20cm. gratis 


NORTH ATLANTIC TREATY ORGANIZATION—ADVI- 
SORY GROUP FOR AERONAUTICAL RESEARCH AND 
DEVELOPMENT 

Polar atmosphere symposium. Part II—Ionospheric section. Sympo 
sium at Oslo 2-8 July 1956. Edited by K. Weekes 

London, Pergamon Press, 1957. pp. xiii, 212. 25 x 15cm. 8 


STATE INSTITUTE FOR TECHNICAL RESEARCH, 
FINLAND 

The autocorrelation and the power spectrum of nonstationary shot 
noise by L. P. Hyvarinen 

Helsinki, State Institute for Technical Research, 1958. pp. 23. 
28 x 17-5cm. np. 
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quis list of periodicals currently received by 
the Library is published for the convenience 


of members. 


They cannot be borrowed 


through the Institution Lending Library, 
but many of them can be borrowed for 
members from the Science Library. When 
this is not possible, a photocopy of an 
article from a periodical can often be 
obtained; details of this photocopying 
service were published in the January 


1989 Journal, p. 49. 


TITLE 


AC.E.C. Revue 

AE.G. Mitteilungen 

AE.G. Progress 

AGA-Journal 

ASEA Journal 

A.T.E. Journal 

A.W.A. Technical Review 

Acta electronica 

Acta polytechnica Scandinavica 
Acta technica 


Acustica . 

Advancement of Science 

Advances in Physics 

Akustische Beihefte 

Allis-Chalmers Electrical Review 
Alloy Metals Review 

Alta frequenza 

Aluminium Courier 

Aluminium News 

Anales de mecanica y electricidad 


Annales de radioéiectricité 
Annales des télécommunications 
Applied Scientific Research, B 
Applied Statistics 

Arbitration Journal 

Archiv der Elektrischen Ubertragung 
Archiv fiir Elektrotechnik 

Archiv fir Technisches Messen 
Archives des sciences 

Archiwum elektrotechniki 

Arkiv for fysik 

Arkiv for matematik 


Atom 
Atomics and Nuclear Energy 
Audio 


Australian Journal of Physics 
Automatica si Electronica 


Automation Progress 
B.B.C. Nachrichten 
B.C.U.R.A. Monthly Bulletin 


Bell Laboratories Record 

Bell System Technical Journal 

Bell Telephone Magazine 
Biographical Memoirs of the Royal 


Society 
Boletim da Ordem dos engenheiros 
Brennstoff-Warme-Kraft (BWK) 
— ations and Elec- 


Bris Electrical “anal Convention 
British Journal of — Physics 
Brish Kinema — 
to; 
British Plas graphy 
British Weiding Journal 
News 
Brown Boveri Review 
Bulletin de I’ Académie Polonaise des 
. Serie des Sciences 
Techniques 
Bulletin Association suisse des élec- 
triciens 


Bulletin of the British Scientific 
Instrument Research Association 
Bulletin < + pemeee Engineering 


Bulletin of t the Electrotechnical 
Laborato: 


ry 
Bulletin of the Faculty of Engineering, 
Yokohama National University 
Bulletin of the Institute of Metals 
in of the Institution of Civil 
of Ireland 


MARCH 1959 


COUNTRY 


Belgium 
Germany 
Germany 
Sweden 
Sweden 
Australia 
France 
Sweden 
Czecho- 

slovakia 
Germany 
G.B. 


G.B. 
Germany 
> S.A. 
G.B. 
Italy 
G.B. 
Canada 
a 
Sweden 
Germany 
France 
France 
Netherlands 
G.B. 
G.B. 
Germany 
Germany 
Germany 
Switzerland 
Poland 
Sweden 
Sweden 
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Poland 


Switzerland 
G.B. 

G.B. 

Japan 
Japan 


G.B. 
Eire 


Periodicals 


TITLE 


Bulletin of the Institution of Engineers, 


ndia 

Bulletin of the International Railway 
Congress Association 

Bulletin de liaison 

Bulletin of Mechanical Engineering 
Education 

Bulletin Oerlikon 

Bulletin of the Office for Research 
and Experiments 

Bulletin Schweizerischen Ingenieur 
und Architekten Vereins (S.LA.) 

Bulletin scientifique A.I.M. 

Bulletin Sécheron 

Bulletin de la Société belge des élec- 
triciens 

Bulletin de la Société francaise des 
électriciens 

Bulletin de la Société des ingénieurs 
civils de France 

CEIG Berichte 

Cables et Transmission 

Chalmers Tekniska Hégskolas 
Handlingar 

Chartered Mechanical Engineer 

Chemical Engineering 

City and Guilds Broadsheet 

Civil Engineering 

Coke Review 

Combustion 

Compressed Air and Hydraulics 

Computer Bulletin 

Computer Journal 

Control 

Control Engineering 

Cook Technical Review 

Co-operative Electrical Research 

Corrosion Prevention and Control 

Creuset 

Deutsche Elektrotechnik 

Diesel Railway Traction 

Direct Current 

Discovery 

Discussions of the Faraday Society 

Distribution of Electricity 

Documentation Technique 

Doshisha Kogaku Kai 


Dyna 

E.B.U. Review 

E.R.A. (Elektricitetens Rationella 
Anvandning) 

E.R.D.A. (Monthly Electrical and 
Radio Trade Journal 

E.T.T. (Elektroteknisk-Tidsskrift) 


ETZ, A (Elektrotechnische Zeitschrift) 


ETZ,B (Elektrotechnische Zeitschrift) 
momie électrique 

Edgar Allen News 
Edison Electric Institute Bulletin 
Edison Swan Journal 
Electra 
Electric Light and Power 
Electric Railway Society Journal 
Electric Vehicles 
Electrical Age 
Electrical Communication 
Electrical Communication Laboratory 

Technical Journal 
Electrical Contractor and Retailer 
Electrical Engineer and Merchandiser 
Electrical Energy 
Electrical Engineering 

Electrical Industries Export 
Electrical Journal 
Electrical Manufacturer 
Electrical Manufacturing : 
Electrical News and Engineering 
Electrical Power Engineer 
Electrical and Radio Trading 
Electrical Review 
Electrical Supervisor 
Electrical Times 
Electrical World 

lectricien 
Electricité 
Electricity 
Electricity in Industry 
Electronic Applications 
Electronic Engineering 
Electronic Industries and Tele-Tech 
Electronic and Radio Engineer 
Electronics 

lectronique 
Electroplating 
Electrotechnical Journal of Japan 
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Electrotechnics 
Electro-Techniek 
Electrotehnica 
Elektricheskie Stantsii 
Elektrichestvo 
Elektrische Bahnen 


COUNTRY 
India 


Belgium 


France 
G.B. 


Switzerland 
Netherlands 


Switzerland 
Belgium 
Switzerland 
Belgium 
France 
France 
Germany 


France 
Sweden 
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Japan 


India 
Netherlands 
Hungary 

U 


TITLE 


Elektrizitatsverwertung 
Elektrizitatswirtschaft 
Elektronik 

Elektronische Rundschau 
Elektroprivreda 
Elektrotechnicky Obzor 


Elektrotechnik und Maschinenbau 
Elektrotechnika 
Elektrotehniski Vestnik 
Elektroteknikeren 
Elektrowarme (supplement to OZE) 
Elettrotecnica 
Elin-Zeitschrift 
Elteknik 
Endeavour 
Energetica 
Energetik 
Energetyka 
Energia Elettrica 
Energia Nucleare 
Engineer 
Engineering 
Engineering Index 
Engineering Journal 
English Electric Journal 
Entwicklungsberichte 
Ericsson Review 
Ericsson Technics 
Escher Wyss News 
F. & G. Rundschau 
Factory Management 
Fernmelde-Ingenieur 
Fernmelde Praxis 
Frequenz 
re 4 Economy Review 

G.E.C. Atomic Energy Review 
G.E.C. Journal 
Gas Journal 
General Electric Review 
General Radio Experimenter 
General Telephone Technical Journal 
Gidrotekhnicheskoe Stroitelstvo 
Glenfield Gazette 
Hasler Mitteilungen 
Heaton Works Journal 
Hewlett-Packard Journal 
Hochfrequenztechnik und 

Elektroakustik 
Houille blanche 
1.B.M. Journal of Research and 


Development 

I.R.E. Students Quarterly Journal 

LS.A. Journal 

ann aa Engineering 

m 

Index of Technical Articles 

Indian and Eastern Engineer 

Indian Journal of Power and River 
Valley Development 

Industrial Progress and Development 

Industries et sciences 

Information Bulletin 

ena and Control 

ni 

Ingenieur 

Ingénieur 

Ingenioren 

Inspection Enginee 

Institution of Electrical Engineers— 


Papers 

Institution of Mechanical Engineers— 
Papers 

Instrument Engineer 

Instrument Practice 

Instrumentation 

International Review 

international Scientific Radio Union 
Information Bulletin 

Iron and Steel 

Japan Science Review 

Journal of the Acoustical Society 
of America 

Journal of Applied Mechanics 

Journal of Applied Physics 

Jou of the Association for 
Computing Machinery 

Journal of the Association of 
Engineers 

Journal of Atmospheric and 
Terrestrial Physics 

Journal of the Audio Engineering 


Society 

Journal of the British Interplanetary 
Society 

Journal of the British Nuclear 
Energy Conference 

Journal of the East African 
Association of Engineers 

Journal of the + hem a wee Society 

Journal of Electronics and Control 

Journal of the Engineers’ Guild 





taken by the Library 


COUNTRY 


Switzerland 
Germany 
Germany 
Germany 
Yugoslavia 
Czecho- 
slovakia 
Austria 
Hungary 
Yugoslavia 
Denmark 
Austria 
Italy 
Austria 
Sweden 
G.B. 
Romania 
U.S.S.R. 
Poland 
Italy 
Italy 
G.B. 
G.B. 
U.S.A. 
Canada 
G.B. 
Germany 
Sweden 
Sweden 
Switzerland 


G.B. 


mArnninwe 
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indie 
Australia 
Belz 


P 


E. Africa 


U.S.A. 
G.B. 
G.B. 











TITLE 


Journal of the Franklin Institute 

Journal of Geomagnetism and 
Geoelectricity 

Journal of Geophysical Research 

Journal of the Hull Association of 
Engineers 

Journal of the Institute of Electrical 
Communication Engineers of Japan 

Journal of the Institute of Electrical 
Engineers of Japan 

Journal of the Institute of Fuel 

Journal of the Institute of Metals 

Journal of the Institute of 
Navigation 

Journal of the Institute of Transport 

Journal of the Institution of British 
Agricultural Engineers 

Journal of the Institution of Certifi- 
cated Engineers of South Africa 

Journal of the Institution of 
Electrical Engineers 

Journal of the Institution of 
Engineers, Australia 

Journal of the Institution of 
Engineers, India 

Journal of the Institution of 
Heating and Ventilating Engineers 

Journal of the Institution of 
Locomotive Engineers 

Journal of the Institution of 
Production Engineers 

Journal of the Institution of 
Telecommunication Engineers 

Journal of the Iron and Steel 
Institute 

Journal of the Joint Panel on 
Nuclear Marine Propulsion 

Journal of the Junior Institution 
of Engineers 

Journal of the Northern Rhodesian 
Society of Engineers 

Journal of Nuclear Energy 

Journal of the Radio Research 
Laboratories 

Journal of Research, National Bureau 
of Standards 

Journal of the Royal Electrical and 
Mechanical Engineers 

Journal of the Royal Institute of 
British Architects 

Journal of the Royal Institute of 
Chemistry 

Journal of the Royal Signals 
Institution 

Journal of the Royal Society of Arts 

Journal of Scientific Instruments 

Journal of the Society of Motion 
Picture and Television Engineers 

Journal des télécommunications 

Journal of the Television Society 

Journal and Transactions of the 
Society of Engineers 

Kraft och Ljus 

Kungl. Tekniska Hégskolans 
Handlingar 

L.S.E. Engineering Bulletin 

Lichttechnik 

Licht und Beleuchtung (supplement 
to OZE) 

Light and Lighting 

Light Metals 

Light Metals Bulletin 

Lighting Service 

List of International and Foreign 
Scientific and Technical Meetings 

London Electricity 

London Gazette 

Machine-Tool Review 

Machinery 

Machinery Lloyd 

Machinery Market 

Marconi 

Marconi Instrumentation 

Marconi Review 

Materials Handling News 

Matrix and Tensor Quarterly 

Mechanical Engineering 

Mechanical Handling 

Memoirs of the Faculty of 
Engineering, Hokkaido University 

Memoirs of the Faculty of 
Engineering, Kumamoto University 

Memoirs of the Faculty of 
Engineering, Kyoto University 

Memoirs of the Faculty of 
Engineering, Kyushu University 

Memoirs of the Faculty of 
Technology, Tokyo 

Memoirs of the Metropolitan 
Technical College, Tokyo 

Memoirs and Proceedings of the 
Manchester Literary and 
Philosophical Society 

Memoirs of the Schooi of Science 
and Engineering, Waseda 
University 
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COUNTRY 


U.S.A. 
Japan 


U.S.A. 
G.B. 


Japan 
Japan 


G.B. 


pe me 


G 
G 
G. 
G 
S. Africa 
G.B. 
Australia 
India 
G.B. 
G.B. 
G.B. 
India 
G.B. 
G.B. 
G.B. 
Rhodesia 


G.B. 
Japan 


U.S.A. 
G.B. 
G.B. 
G.B. 
G.B. 
G.B. 
G.B. 
U.S.A. 
Switzerland 
G.B. 
G.B. 


Finland 
Sweden 


G.B. 
Germany 
Austria 
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Japan 
Japan 
Japan 
Japan 
Japan 


G.B. 


Japan 





TITLE 


Mémoires de la Société des 
ingénieurs civils de France 

Metallurgical Abstracts 

Metalworking Production 

Metropolitan-Vickers Gazette 

Mining Electrical and Mechanical 
Engineer 

Modern Refrigeration and Air 
Control 

Modern Tramway 

Monthly Bulletin of the International 
Railway Congress Association 
(English edition) 

Monthly Digest of Statistics 

Muirhead Technique 

Mullard Technical Communications 

Murphy News 

N.R.D.C. Bulletin 

Nachrichtentechnik 

Nachrichtentechnische Zeitschrift 

Nature 

New Scientist 

New Zealand Electrical Journal 

New Zealand Engineering 

New Zealand Journal of Science 
and Technology, Section B, General 

News Report of the National 
Academy of Sciences 

Nickel Bulletin 

Noise Control 

Northern Lights 

Northern Rhodesian Society o: 
Engineers’ Journal 

Nuclear Engineering 

Nuclear Power 

Nucleonics 

Nuovo cimento 

Nuovo cimento (Supplements) 

OZE (Osterreichische Zeitschrift 
fiir Elektrizitatswirtschaft) 

Official Journal (Patents) 

Onde Electrique 

Ontario Hydro Research News 

Osram Bulletin 

Overseas Engineer 

PTT-Bedrijf 

Periodica Polytechnica 

Philips Matronics 

Philips Research Reports 

Philips Serving Science and Industry 

Philips Technical Review 

Philips Telecommunication Review 

Philosophical Magazine 

Philosophical Transactions of the 
Royal Society of London 

Physica 

Physical Review 

Physical Review Letters 

Plastics 

Polytechnic Window 

Post Office Electrical Engineers’ 
Journal 

Post Office Telecommunications 
Journal 

Poste e telecommunicazioni 

Power 

Power Engineer 

Power Engineering 

Prace Instytutu Lacznosci 

Prace Instytutu Tele-I 
Radiotechnicznego 

Prace Przemyslowego Instytutu 
Telekomunikacji 

Prace Ustavu Pro Elektrotechniku 


Proceedings of the American 
Academy of Arts and Sciences 
Proceedings of the American Power 
Conference 
Proceedings of the Association of 
American Railroads, Signal Section 
Proceedings of the Automobile 
Division, Institution of Mechanical 
Engineers 
Proceedings of the Cambridge 
Philosophical Society 
Proceedings of the Engineering 
Society of Hong Kong 
Proceedings of the Institute of 
Radio Engineers 
Proceedings of the Institute of 
Radio Engineers, Australia 
Proceedings of the Institution of 
Civil Engineers, Parts I, II and III 
Proceedings of the Institution of 





COUNTRY 
France 


Germany 
Germany 
G.B. 

G.B. 

New Zealand 
New Zealand 
New Zealand 


U.S.A. 


U.S.A. 
G.B. 
N. Rhodesia 


Austria 


G.B. 

France 

Canada 

G.B. 

G.B. 

Netherlands 

Hungary 

Netherlands 

Netherlands 
B. 


o 


Netherlands 
Netherlands 
G 


G.B. 
Denmark 
U.S.A. 
U.S.A. 


G.B. 
Netherlands 
G.B. 


Poland 
Poland 


Poland 
Czecho- 
slovakia 
A. 
U.S.A. 
U.S.A. 
G.B. 


G.B. 
China 
U.S.A. 
Australia 


G.B. 


Electrical Engineers, Parts A, Band C f 
G 


Proceedings of the Institution of 
Mechanical Engineers 
Proceedings of the Institution of 
Production Engineers 
Proceedings of the Institution of 
Railway Signal Engineers 
Proceedings of the Leeds Philo- 
sophical and Literary Society 
Proceedings of the National 
Academy of Sciences 


G.B. 
G.B. 
G.B. 
U.S.A. 





TITLE 


Proceedings of the National 
Electronics Conference 

Proceedings of the Physical Society 

Proceedings of the Royal Institution 
of Great Britain 

Proceedings of the Royal Society, A 

Proceedings of the Royal Society 
of Edinburgh 

Proceedings of the Rugby 
Engineering Society 

Proceedings of the South Wales 
Institute of Engineers 

Process Control and Automation 

Productivity Measurement Review 

Przeglad Elektrotechniczny 

Przeglad Telekomunikacyjny 

Public Transport Association Journal 

Q.S.T. Amateur Radio 

Quarterly Bulletin of Electric 
Energy Statistics 

Quarterly Journal of Mechanics 
and Applied Mathematics 

Quarterly Journal of the Royal 
Meteorological Society 
.C.A. Review 

R.E.M.E. 

R.S.G.B. Bulletin 

Radio REF 

Radio and Television News 

Radiography 

Radiotekhnika 

Railway Gazette 

Railway Signalling and Communica- 
tions 

Range 

Regional Power 

Reports of the Electrical Communi- 
cation Laboratory, Tokyo 

Reports of Ionosphere Research in 
Japan 

Research Applied in Industry 

Researches of the Electrotechnical 
Laboratory 

Review of Scientific Instruments 

Revista chilena de ingenieria 

Revista electrotecnica 

Revista da Faculdade de Engenharia 

Revista de telecomunicacion 

Revista Universidad Nacional de la 
Plata 

Revue E 

Revue HF 

Revue S-W 

Revue de l’aluminium 

Revue d’électricité et de mécanique 

Revue générale de lélectricité 

Revue d’Informations de la Fédéra- 
tion Royale des Associations 
belges d’Ingénieurs 

Revue de la Société Royale Belge 
des Ingénieurs et des Industriels 

Revue technique C.F.T.H. 

Revue technique luxembourgeoise 

Reyrolle Review 

Rhodesian Engineer 

Rohde & Schwarz Mitteilungen 

Royal Engineers Journal 

Rozprawy elektrotechniczne 

Rundfunktechnische Mitteilungen 

SEL Nachrichten 

S.T.C. New Bulletin 

Schweizerische Bauzeitung 

Science Abstracts, A and B 

Science and Art of Mining 

Science and Film 

Science Review 

Scientia electrica 

Scientific American 

Scottish Electrical Engineer 

Service 

Short Wave Magazine 

Siemens Edison Swan 

Siemens Review 

Siemens-Zeitschrift 

Sima Bulletin 

Sitzungsberichte, Abteilung II, 
Osterreichische Akademie der 
Wissenschaften 

Slaboproudy Obzor 


Smit Mededelingen 

Smokeless Air 

Soudure électrique 

South African Electrical Review 

South African Mechanical Engineer 

South African Municipal Magazine 

Southern Electricity 

Students’ Quarterly Journal 

Sulzer Technical Review 

Technical Journal 

Technical Reports of the Engineering 
Research Institute, Kyoto 
University 

Technik 

Technika Chronika 

Technique moderne 





COUNTRY 


Sw itzerland 


G.B. 


Netherlands 
G.B. 

Japan 
Japan 


G.B. 
Japan 


U.S.A. 
Chile 
Argentina 
Portugal 
Spain 
Argentina 


Belgium 
Belgium 
France 
France 
France 
France 
Belgium 


Belgium 


France 
nea 
3.B. 


$ Rhodesia 
Germany 
G.B. 


Poland 
Germany 
Germany 

G.B. 
Switzerland 
G.B. 


G.B. 


a 


Austria 


Czecho- 

slovakia 
Netherlands 
G.B. 


Belgium 
S. Africa 
S. Africa 
S. Africa 
G.B. 
G.B. 
G.B. 
U.S.A. 
Japan 


Germany 
Greece 
France 


JOURNAL I.E.E. 
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TITLE COUNTRY TITLE COUNTRY TITLE COUNTRY 
Technische Mitteilungen PTT Switzerland Transactions of the American U.S.A. Transistor Information France 
Technisch-wetenschappelijk Belgium Institute of Electrical Engineers Transport World G.B. 
tijdschrift 11I—Power Apparatus and Systems Trend in Engineering U.S.A. 
Technology Reports of Osaka Japan Transactions of the American U.S.A. Unesco Bulletin for Libraries France 
University Society of Civil Engineers Unesco Chronicle France 
Technology Reports of the Téhoku Japan Transactions of the American U.S.A. Unesco Courier France 
University Society of Mechanical Engineers VDI Nachrichten Germany 
Tehnika Yugoslavia Transactions of the Chartered G.B. VDI Zeitschrift Germany 
Teknillenen Aikakauslehti Finland Institute of Patent Agents — Vide France 
Teknisk Tidskrift Sweden Transactions of the Engineering Canada Vulcan G.B. 
Teknisk Ukeblad Norway Institute of Canada . Water Power G.B. 
Tekniska Foreningens i Finland Finland Transactions of the Faraday Society G.B. Welder G.B. 
Forhandlingar Transactions of the Institute of G.B. Welding and Metal Fabrication G.B. 
Tekniska Skrifter Sweden Marine Engineers ee is Western Union Technical Review U.S.A. 
Tekniske Meddelelser fra Norway Transactions of the Institution of G.B. Westinghouse Engineer U.S.A. 
Telegrafstyret Engineers-in-Charge Wild Barfield Heat Treatment G.B. 
Tele (English and Swedish editions) Sweden Transactions of the Institution of G.B. Journal 
Telecommunication Journal of Australia Mining Engineers a Wire Production G.B. 
Australia Transactions of the Illuminating G.B. Wire and Radio Communications U.S.A. 
Telecomunicatii Romania Engineering Society ; < Wireless and Electrical Trader G.B. 
Telefunken Zeitung Germany Transactions and Proceedings of the G.B. Wireless World G.B. 
Telephone Engineer and Management U.S.A. Institution of the Rubber Industry Wissenschaftliche Zeitschrift der Germany 
Telephony U.S.A. Transactions of the Manchester G.B. Technischen Hochschule, Dresden 
Teleteknik Denmark Association of Engineers Wissenschaftliche Zeitschrift der Germany 
Télévision francaise France Transactions of the North-East G.B. Hochschule fiir Elektrotechnik, 
Timarit Verkfraedingaselags Islands _ Iceland Coast Institution of Engineers Iimenau 
Toute la radio France and Shipbuilders 7 Woman Engineer G.B. 
Transactions of the American U.S.A. Transactions of the Society of G.B. Works Management j 


Institute of Electrical Engineers 

]—Communications and Electronics 
Transactions of the American 

Institute of Electrical Engineers— 

li—Applications and Industry 


The following elections and 
Council are effective from 


ELECTIONS 
Associate Members 


poBIN, Kenneth Joseph, B.sc. 

cLemow, Brig. John, M.A., R.A. 

DESHPANDE, Datta Laxman, M.SC. 

GARDINER, Ian David, B.SC.(ENG.) 

GOODMAN, Group-Capt. Norman 
George, C.B.E., R.A.F. 

KERRUISH, Norman, M.A. 

KNIGHT, Stephen Henry 


Associates 


BLAYDES, Ernest Vyvyan, J.P. 
JOHNSON, Maj. George Ernest, 
R.SIGNALS 


TRANSFERS 
Associate Member to Member 


MAGOWAN, John McKee 
PEARSON, Lewis Arthur, B.SC.(ENG.) 
preist, Donald Henry, B.SC.(ENG.) 


Associate to Associate Member 


CLARKE, Wilfrid Henry 
beB, Sudhansusekhar, M.SC., D.PHIL. 


Graduate to Associate Member 


AINSCOUGH, Arthur 

AKHURST, Denys Osmund, B.SC., PH.D. 

ames, Gerald James, B.SC. 

ASSENHEIM, Jerry Geoffrey, B.SC. 

BARKWITH, Anthony Donald Bromley, 
B.SC.(ENG.) 

BEARDALL, Gerald David, B.ENG. 

BELL, Norman Robert, B.SC.(ENG.) 

BENNETT, John Bertram Clay, 
B.SC.(ENG.) 

BIRLEY, Christopher Stowell 

BROOKSBANK, Richard Nigel 

Cass, Fit.-Lt. Raymond Patrick, B.sc., 
R.A.F. 

CHoprA, Harbans Lal, B.A. 

CLOUGH, Kenneth, B.sc. 

courtier, Graham Arthur Charles, 
D.F.H. 

cCRAIK, Neil George, B.SC.(ENG.) 

cross, Miss Catherine, B.sc. 


MARCH 1959 


Instrument Technology 
Transactions of the South African 
S.A. Institution of Civil Engineers 
Transactions of the South African 


Zeitschrift fiir Elektrochemie, Berichte Germany 


S. Africa 
S. Africa 


Institute of Electrical Engineers 


transfers approved by the 
the 2nd February 1959 


MISSEN, James Ivor, M.SC. 

NOBLE, Benjamin, M.A., B.SC. 
PURCELL, Vincent Joseph, B.E. 
STARKS, Cmdr. Frederick Henry, R.N. 
SURRALL, James Francis 

WAGNER, Walter Paul, B.E.E. 
WRIGHT, Dennis Alfred 


KINSEY, Ronald William Stanley 
PASCOE, John Patrick Charles 
STYLES, Peter Robert 


WARDROP, Frank Ricardo, B.SC.(ENG.) 
WILLIAMS, Albert Leslie, PH.D., M.SC. 


HAMLIN, James Laurence 


DICKINSON, Peter Edward 

DILLOW, John Warren, B.SC.(ENG.) 
puce, Gordon Enoch 

FARTHING, Vernon Hilton, B.ENG. 
FRY, Stephen Perry, B.Sc. 
GODDARD, Frederick Charles 
GREEN, Arthur Eric, B.Sc. 

GREEN, David Albert, B.sc.(ENG.) 
GRONOW, William Stanley 

HASTIE, George Hector 

HOLMES, Ronald William, B.sC.(ENG.) 
HuRST, John David William 
JACKSON, Terence Charles 

KING, Robert Frederick John 
KNIGHT, David 

KNOX, John Edward 

MACCULLOCH, Robert Kennedy, B.E. 
MACWHIRTER, Ian George 
MARSHALL, James Horace, M.ENG. 
MATTHEWS, Anthony David, B.sc. 


der Bunsengesellschaft fiir 
Physikalische Chemie 
Zeitschrift fiir Physik 


Germany 


Elections and transfers 


Graduate to Associate Member (continued) 


MAY, Clifford Frank, B.sc. 

MILLS, Douglas George Hazelton, 
B.SC.(ENG.) 

O’RILEY, Vincent, B.ENG. 

PHILLIPS, Dennis Philip 

PINE, Francis James, B.SC.(ENG.) 

PUGSLEY, Donald John Davey 

RAMPLEE-SMITH, Colin Martin, M.A. 

RATCLIFFE, John Albert 

RILEY, George Kenneth 


Student to Associate Member 


FREEMAN, Peter John Gordon, B.Sc. 


The following elections and 
Council are effective from 


ELECTIONS 


Graduates 


ACKLAND, William Alexander, 
DIP. TECH.(ENG.) 

AHMAD, Sub-Lt. Habib, A.F.H., P.N. 

ANDERSON, Harry Everard 

ANDREWS, Pilot Officer John Burpitt, 
R.A.F. 

BAL, [hsan 

BATTYLL, Leonard Charles James 

BELSEY, Derek Charles 

BROWN, Kenneth 

BROWNLIE, John David, B.SC.(ENG.) 

CARTER, FI.-Officer John Gordon, B.A., 
R.A.F. 

CHATTERJEE, Prokash Chandra, B.Sc. 

CHILDS, Edward Henry 

CONSTABLE, Geoffrey Ernest Patrick, 
B.A. 

COTTERILL, Roy Clifford George 

CRAWLEY, Timothy Francis Chetwode, 
DIP. TECH.(ENG.) 

DENMAN, Ralph Ernest 

DESHPANDE, Krishnarao Mukundrao, 
B.SC., B.SC.(ENG.) 

DOUGLAS, Paul Vladimir, B.SC.(ENG.) 

ESTALL, Geoffrey William 

FAIRMAN, John Albert William 

FLAHERTY, John 

GELDARD, David Scott 

GLOveER, John Edward 

GOODCHILD, John Lionel 

GOOLD, Ralph Arthur Ernest 


SCAIFE, Brendan Kevin Patrick, 
B.SC.(ENG.), PH.D. 

scott, Bernard Edward 

SIZER, Terence Richard Haslam 

SRIVASTAVA, Krishan Dayal, B.sc., 
B.E., PH.D. 

STAUNTON, Eric Douglas 

VERRELLS, Roy, B.SC.(ENG.) 

WHITNEY, Ronald 

WYNN, Terence John, B.SC.(ENG.) 

YOUNG, Clifford 


transfers approved by the 
the Sth February 1959 


GREENHILL, James Edward 

GRIFFITH, Pilot Officer John Brian, 
B.A., R.A.F. 

HARE, Peter 

HINC, Feliks Alfons, B.E. 

HOPKINSON, The Hon. Nicholas Henry 
Eno, B.A. 

HOWARD, Derek William 

IBBETSON, Henry 

JONES, Lyndon, DIP.TECH (ENG.) 

KARANDIKAR, Narayan Shankar, B.E. 

KEEGAN, Patrick Dennis O’Donnell, 
DIP. TECH.(ENG.) 

KIDSON, Michael, DIP.TECH.(ENG.) 

KING, Capt. Reginald Alfred, R. SIGNALS 

LEMYRE, Clement, B.SC. 

LULAND, John Victor 

McCORMICK, James Erskine 

McCREADIE, Capt. Anthony Robert, 
R. SIGNALS 

McDOUGALL, Thomas 

McIVER, Kenneth 

MADDISON, George William 

MANVILLE, Leslie Norman George 

MARRIS, Clifford Albert, M.e. 

MARTIN, Leopold Clarence 
Christopher, B.A. 

MASSEY, David Thomas 

MILLER, Allan Douglas Dow, B.sc. 

MONTAGUE, Stanley John 

NICHOLLS, Thomas Alfred 
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Graduates (continued) 


PORTER, Peter Barrington, B.A. 

PROCTER, John Norman, B.E. 

RETNASAMI, Raju, B.E. 

ROBERTS, Hefin Jones, B.SC. 

RUNDLE, William James, B.SC.(ENG.) 

RYDER-SMITH, Simon Christopher, 
B.SC.(BNG.) 

SALMONS, Anthony Michael 

SKINGLEY, Brian Stanley 

SZCZEBIOT, Romuald, B.SC.(ENG.) 


Students 


ADAMS, John Alan 
ADILOGLOU, Mahmout Izzet 
ARUMUGAM, Kandiah, B.sc. 
au, How Kee 
BAKER, Peter 
BALL, Adrian Peter 
BILL, Alan James 
BIRCH, Robin Campbell 
BIZLEY, Richard John 
BOND, William Heddon 
BONE, Gerald Frederick 
BRAYSHAW, John David 
BROADFOOT, Robin Sinclair 
BROMILOW, David John English 
BROWN, Colin 
BRUCE, Robert William Edward 
BUCKLAND, Christopher John 
CATON, Philip Stuart 
CHAMBERS, Jack 
CLAYTON, Malcolm Hayward 
COLLINS, Michael Anthony 
COLLINS, Michael John 
coomBeR, Ronald Frank 
cooper, Neville Mark 
CorBETT, Aubrey Edward 
CUMMINGS, Anthony Charles 
CUNLIFFE, Neil Hollinrake 
D’ AGOSTINO, Laurence Cormack 
DAVIES, Peter Michael Joseph 
Davies, Robert 
Davis, Colin Francis 
DONOHOE, Christopher Tony 
DOWDING, Robert John 
DYER, Edward James 
DYKE, Alan George 
EDMUNDS, William John 
EDWARDS, Kenneth Hunter 
ELLICK, Michael John 
EVANS, Deryck 
FARMAN, William 
FOSTER, Dennis 
FRANKLIN, Graham John 
FRASER, Kenneth Charles 
GILL, William 
GLENNIE, William Sebastian 
GODSILL, John Kenneth 
GOLDSMITH, Michael John 
GOLLOP, Roger Warner 
GOONASEKERA, Lakshman Kirthisri, 
B.SC.({ENG.) 
GorDON, Alan Cosmo 
GRAHAM, Allen William 
GRAHAM-SMITH, John, B.SC. 
oraves, Eric Duncan 
HALLIWELL, David Anthony 
HAMMOND, Brian 
HARPER, Donald Jack 
HARTLAND, Brian John 
HARVEY, Michael Robert 
HARWOOD, Barry Ian 
HAWKINS, Arthur Terence, B.SC. 
HEPPONSTALL, Bertram Rex, B.Sc. 
HILL, Albert Arthur 
HIX, Martin 
HORSFIELD, George Richard Wynn 
HORTON, Barry 
Howse, Brian Edward, B.sc. 
HUMPHRIES, David John Henry 
ISHAQ, Mohammad Mukhtar, 
B.SC.(ENG.) 
JACKSON, David Howard Preston 
syacoss, Murray Herbert 
JOLLEY, Anthony Derek 
JONES, Bernard Mark 
KENT, John 
KING, Andrew Ford 
KNOTEK, Stenek 
KYRIAKIS, John 
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TAPLIN, Ronald Charles 

Toms, Malcolm Lewis 

TROY, Richard, B.8. 

TURTON, Deryck James 

VAN VALZAH, William Robert, B.£.£. 
VEITCH, Albert Edward 

WATNEY, Antony Stephen Pope, B.A. 
WELFORD, Montague David 

woop, Anthony 

woops, Patrick Joseph Gerard, B.E. 


LAST, James David 

LATHAM, Anthony Clive 
LAWTON, Bryan 

Lee, George Anthony 

LEwIs, Robert Tony, B.sc. 
LITTLEJOHN, Robert Morrice 
LOCKWOOD, Peter Thomas 
McCLoY, Kenneth 
MACDONALD, Quentin John Angus 
MoGIBNEY, Thomas Joseph 
MALIK, Omar 

MARTIN, James Errington 
MARTINEZ, Ruben Eduardo Antezana 
MASON, Dennis Alan 
MAWDSLEY, Fred 

MAY, David Ian Hickman 
MECHAN, George 

MEEKS, David Robert 
METCALFE, John Christopher 
MICHELL, Michael Graham 
MILLS, Francis Christian 

MILLS, Gerald Arthur 

MILLS, John Michael Francis 
MORGAN, William Ieuan 
MORLEY, Alec Glynn 

MORLEY, Gordon John 
MUHYDDIN, Yusuf Jawad 
MUNN, Duncan Neville Alastair 
MURRAY, Ogilvie Marshall 
NARRAMORE, Roger Armstrong 
NARULA, Harinder Kumar, B.A. 
NEWBERY, Percy Gordon 
NoOBES, Michael James, B.SC. 
ODELL, Peter Martin 

OLDFIELD, John Harvey 
PALMER, Lewis John 

PARR, Peter James 

PARSONS, John David 

PEARCEY, Alan Reginald 
PELLY, Brian Raymond 

PENNY, George Michael 

PRYDE, William John 

PUGMIRE, John Matthew, B.SC., M.SC. 
PULENDRAN, Carthigesu Thiagarajah 
RAE, Robin James 

REED, Alec Raymond 
RENGANATHAN, Nadarajah 
ROBERTS, David 

ROBERTS, Iwan Francis 
ROBINSON, Peter Beresford 
ROBSON, George 

RODGERS, David Alexander 
ROWE, Barry, B.SC. 

samMways, George David Alexander 
SANDLAND, Norman Wilfred 
SANDRASEGARAM, Sampanther 
SANMUGARAJAH, Ambalavarnar 
SEARLE, David Geoffrey 
SHALLEY, David Roger 

SHENG, Hwai Nak 

SHEPHERD, John Teesdale 
smitTH, Charles Leonard 
SRIHARAN, Sivasambo, B.SC. 
STEVENSON, Michael Ian 
sTuaRT, Graham Hamilton, B.sc. 
SUTTON, Norman Ronald 
THICKPENNY, John 

THOMAS, David Isaac 

THOMAS, Keith Leonard 
THURBIN, Patrick John 
THURLOW, Robert Clifford 
TILEY, Michael 
TILLYER, Ronald George, B.sc. 
TINGEY, Terence Patrick 
UNDERWOOD, John 
UPTON, Roger Sidney 
VELAUTHAPILLAI, Thampu, B.Sc. 
WARD, William Bulmer 


Students (continued) 


WARE, Edward James 
watts, Donald Francis John 
WEAVER, Leonard John 
WesB, David Albert 
WEBSTER, Graham Keith 
WELCH, Haydn Gerrard 
WESTLAKE, Clifford Brian 
wHitTe, Alan Graham 


TRANSFERS 
Student to Graduate 


AYE, Maung, B.SC.(ENG.) 

BANSAL, Rajinder Kumar, B.A., 
B.SC.(ENG.) 

BETTS, Peter John 

BRADBURN, Donald Gordon, B.sc. 

BUCKLEY, Philip Waring, B.sc. 

CAVE, Gordon Russell, B.A. 

CHAUDHRY, Sushil Prakash 

CHENNELLS, Bernard John, D.F.H. 

CLEMINSON, Cedric Adrian, D.F.H. 

CRAPPER, David Hugh 

CREIGHTON, Gerald Kenneth, 
B.SC.(ENG.) 

cuRRY, Robert George 

DAVIES, David Morgan, B.SC.(ENG.) 

DAVIS, Roger Alan 

DICKER, Brian Edwin, B.sc. 

FAIRS, Christopher Lancelot 

FRECKLETON, Stanley, B.Sc. 

FRENCH, Collier, B.Sc. 

GARRATT, Peter, B.SC. 

GILBERT, Anthony Jamies, B.A. 

HALMRAST, Leif 

HARDING, Brian Nigel 

HARLEY, Roland Lee 

HEWITSON, Leslie Gadsden 

HILD, John Henry 

HO, Lye Hon 

HopGEsS, Anthony Keith, 
DIP.TECH.(ENG.) 

H@EG, Tor-Andreas 

HUTTON, Norman Donald 

INGRAM, Rex Peter, B.SC.(ENG.) 

KAY, John McLaren, B.Sc. 

KELSEY, Michael Edward, B.SC.(ENG.) 





wHiTeE, Christopher Robin 
WILLIAMS, Graham 

WILSON, David Edward 

WILSON, James David 

WILSON, John Grant 

YOGATHASAN, Saravanamuttu, B.sc, 
ZUBAIR, Mohamed, B.SC.(ENG.) 


KOTANDENIYA, Lionel! Basil 

LAVIN, James Vincent 

Lee, Eric Stanley, M.Sc. 

McILWHAN, William 

McNEILL, Joseph Clement, B.SC.(ENG.) 

MORTON, James 

NEWTON, Barry Preston, B.Sc. 

NORTHEN, William Patrick, B.A. 

NUGENT, Brian 

PARKER, Colin, DIP.TBCH.(ENG.) 

PRESCOTT, Albert James, 
DIP.TECH.(ENG.) 

PUDDEFOOT, Dennis John 

RANDALL, Thomas 

RANGWALLA, Abdulhusein 
Abdultayeb, B.SC., B.SC. TECH. 

RAY, Colin George David 

ROBLESS, Denis Adrian, B.SC. 

RUTHERFORD, Brian 

SCRIVEN, John 

SHARP, Anthony Cormick, B.SC. 

SHEPHERD, Brian 

SKWARA, Tadeusz, B.SC.(ENG.) 

SMITH, Ralph Graham, B.SC.(ENG.) 

SOTHEBY, Edward Robin David, 
B.SC.({ENG.) 

THOMAS, Gwyn, B.SC. 

THOMSON, Alexander 

THOMSON, James Drysdale, B.SC.(ENG.) 

TrpPeTr, Graham Richard 

WUESENA, Pitigala Kankanange 
Jinadasa 

WUEYEKOON, Albert Lalith Gerard, B.a, 

woop, John Michaei Steer 





Graduate course in information 


engineering 


SUITABLY qualified students (preferably with some industrial 
experience) can qualify for the degree of M.Sc. on satisfactory 
completion of a 12-month course in information engineering 
at the University of Birmingham. The next course begins on 
the Ist October 1959. Subjects available cover communica- 
tion, radar, computers and control systems. 

It is sometimes possible to admit to courses of lectures on 
individual topics, engineers who can be seconded from 
industry for a period of five weeks only. 

Inquiries regarding the course shouid be addressed to the 
Graduate Course Supervisor, Electrical Engineering Depart- 


ment, The University, Edgbaston, Birmingham 15. 





Engineering research summaries 


THE Mechanical Engineering Research Laboratory have begun 
to issue short typewritten summaries giving straightforward 
accounts of work in progress at the Laboratory as well as the 
main findings of completed investigations. 

The Laboratory would be very pleased to send these 
summaries regularly to any interested members, who should 
apply to the Director, Mechanical Engineering Research 
Laboratory, East Kilbride, Glasgow. 
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THE INSTITUTION EXAMINATION 


List of successful candidates 





THE ENGINEERING INSTITUTIONS EXAMINATION (PART I) 


THERE are seven institutions participating in the Engineering Institutions Part I Examination: 


THE INSTITUTION OF CIVIL ENGINEERS 
THE INSTITUTION OF MECHANICAL ENGINEERS 
THE INSTITUTION OF FLECTRICAL ENGINEERS 


BRITISH ISLES 


OCTOBER 1958 


THE INSTITUTION OF MUNICIPAL ENGINEERS 
THE INSTITUTE OF MARINE ENGINEERS 
THE INSTITUTION OF GAS ENGINEERS 


THE NEW ZEALAND INSTITUTION OF ENGINEERS 


The following have satisfied the examiners in the compulsory subjects of Part I (mathematics; applied mechanics; heat, light and sound; 
principles of electricity; and engineering drawing): 


axesTER, Michael Gordon! 
ansteY, David Jesse! 

BARNES, Harry 

prIDGE, Richard Howard! 
pussy, Robert Harold! 
BUTLAND, William Edmund! 
CAMPBELL, Malcolm! 
CAMPBELL, Patrick Alistair 
cassELLS, Michael John 
CHARNLEY, Richard Joseph! 
coyLe, John 

cuss, David George? 

popson, Michael! 

prake, Alan Bosworth 
epwarps, George David 
ELKINGTON, Anthony David 
EVANS, Kenneth Anthony 


FENWICK, David 

FEY, John Anthony! 

FIELD, Leopold McDonald 

FISHER, John Roy Grantham 

GADsBY, Edward Anthony 
Statham! 

GAUDOIN, Geoffrey Alan 

GHANI, Feroz - 

GRIERSON, Alan Robert 

GROveES, Paul Robinson! 

HANAHOE, Michael Joseph 

HARRISON, Roger Douglas! 

HILD, John Henry 

HITCH, John Evelyn! 

HOOK, Eric! 

HUNT. Malcolm Walter Jennings! 

JOHNSON, Brian! 


LACcY, Peter Alan! 

LATCHFORD, John Charles 
Reginald! 

LoMAS, Neil David 

McCARRICK, Michael Brian 

MANSON, Robert Patrick 

moscropP, Geoffrey Philip! 

NATH, Surendra 

OH-EILIDHE, Seamus Balantin 

PALMER, Colin 

PEACHEY, Michael] Arthur 

PEACOCK, Martyn Richard! 

PIERCE, Graham 

RAWLINGS, David Hamilton! 

REITH, Robert Leslie! 

REYNOLDS, Patrick James! 

ROBERTS, Hector McDonald 


RODGERS, Peter Olai Paget! 
ROLLE, Philip Norman 
SHORT, Terence Edward! 
SMYTH, Patrick Noel 
STURT, Andrew Neil! 
SUTTON, David John! 
SYMONS, Geoffrey Roger! 
TARR, David Harold Batten 
TAYLOR, Malcolm John! 
TAYLOR, Roger Frank 
THOMAS, Allan 

WARRIER, M. Chakrapani 
WELLER, Brian Robert 
WHITE, Ernest George 
WILD, Lawrence Randal! 
WILSON, Donald 


The following have satisfied the examiners in the subjects mathematics; applied mechanics; heat, light and sound; and principles of electricity 


of Part I: 


Hurst, Barry Ammon2 


| Also satisfied the examiners in the subjects strength of materials and theory of structures 


KNIGHT, Gordon Evans2 


WARD, Walter George2 


The following candidates have satisfied the examiners in the subject of English: 


BONE, Harold 

BONNETT, Peter George 
CAMPBELL, Colin Rodney 

CHILDS, Edward Henry 
CRANFIELD, Raymond Reginald 
pavigs, Isaac William Ivor 
pavigs, Ronald Francis 

EVANS, William James Brecon 
FLAHERTY, John 

Glass, Roy Charles 


HADDAD, Elfaki Ahmed 
HEMINGWAY, Neil Graham 
HEMSWORTH, Francis David 
HEWETT, Colin Edmed 
LAWRENCE, Peter William 
Lowes, Frederick 

McINNES, John Auld 
MACIVER, Kenneth 

PETRIE, Denis Phelps 
POINTER, John Reginald 


RAJAGOPALAN, Tattamangalam 
Chidambaram 

RANADE, Suresh Parashuram 

RANDELL, Leslie Gordon 

ROBERTSON, Henry Ferguson 

ROY, Salil Coomar 

RYMER, David George 

SCHOFIELD, Stuart 

SEIN-MAUNG, Maung 

SHAROD, Henry George 


2 Also satisfied the examiners in the subject of theory of structures 


SMITH, Ronald 

STODDART, William James 
Watson 

TAPLIN, Ronald Charles 

THROP, George Malcolm 

TRIBE, Kenneth Thomas 

VENIS, Thomas Edward 

WEAVER, Leonard John 

WILDE, Harold Henry 

WRIGHT, Andrew John William 


The following candidates have been permitted to enter the Examination under special conditions and have satisfied the examiners in the 


subjects indicated : 


ARCHIBALD, Neil Raeburn3 5 
BALL, Dennis Henry! 

BELCHER, Gordons 

SIRKETT, Iain Malcolm4 

BOLLING, Robert Walker3 4 
BRADBURY, Farel3 4 

BRAUN, Norbert Martin4 

BRICHTA, Arnost Michael! 2 
CARTER, Lionel Richard2 3 5 
CHADWICK, Norman Reginald} 5 
CHRISTOPHER, Alan Jeffrey2 3 45 
Corton, William Frank! 


| DaDSWELL, John Edgar? 4 
~ Day, David KennethS 


DE SILVA, Arumakankanange 
Sumithra Malinga! 


‘Mathematics 2 Applied mechanics 3 


| MARCH 1959 


popps, Brian4 
DUCK, Ivan Alfred4 
Dyce, Peter3 4 
ELFORD, Victor Henry3 
ELLISTON, Bryan John4 
FARRAGE, Ronald! 

FIELD, Clifford4 

FOWLER, James John3 4 
GILes, Norman Sydney5 
GRANT, Alan! 

Guy, Harry3 4 

HALL, John McMurtry5 
HARROWER, Robert! 
HAWKINS, Michael Malcolm3 
HAYDEN, George Myers} 
HAYWARD, Ralph Harold5 
Heat, light and sound 


4 Principles of electricity 


HUGHES, Robert Weston! 

HUTTON, Norman Donald2 

JOHNSON, Herbert David5 

LAMB, Kenneth William*+ 

Lowes, Frederick3 4 

MeNEILL, Ernest Vernon 
Winston2 3 5 

MAPLE, Samuel Alfred Raymond! 

MASON, Herbert+ 

MASON, Kenneth Albert! 

NEWCOMBE, Stanley! 

opy, Elton William+4 

PERKS, Geoffrey Charles? 3 4 5 

PHILLIPS, Reginald Andrew4 

PLUNKETT, Anthony Penson5 

POWELL, David Gwyn2 3 


5 Engineering drawing 


PRICE, Howard! 

ROBERTS, John2 3 5 

ROSCOE, John4 

SACHS, PeterS 

SHELBOURNE, Hugh Chalkley} 
SHERRIFF, David Reginald5 
SOFTLY, Kenneth Edward! 
SULLIVAN, Ramsay Wakeford! 3 
TART, William Stanley4 
TYRRELL, Peter John+ 

WALKER, Bryan James! 

watt, David Anthony* 

wess, Gordon Sidney! 

WONG SHOUNG KOON, George! 
ZURIDIs, Emmanuel Pericles? 3 4 5 
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OVERSEA 


ALDER, Richard? 
BENDER, Colin Clive 
BROOKE, Donald Ernest 
DAWE, Peter St. John! 
DEE, Keith Thomas? 


The Institution Examination: List of successful candidates (continued) 


MACKENZIE, George Herbert 
PATERSON, Raeburn James? 
PAUL, Roger Benjamin 
PLOM, Teunis Eymert 
RICHARDS, David John 
ROWE, Clive Bruce 


HOOD, Colin Frank Allister? 

JAGGER, Albert Charles2 

JOUBERT, Joshua Louis 

LANGLER, Anthony George 
Backwell 


The following have satisfied the examiners in the compulsory subjects of Part I (mathematics; applied mechanics; heat, light and sound: 
principles of electricity; and engineering drawing): 









STENBERG, Ian Lester2 

TREW, Peter John Edward 

VAN SCHOOTEN, Louis Adrien 
Alexandre 

watts, Edward John2 

woop, Henry Stephen 


LEYLAND, Bryan William 
LUFFMAN, Kenneth William? SINGH, Chahal Hardial? 
2 Also satisfied the examiners in the subjects strength of materials and theory of structures 


GUILD, Michael Thomas 
HANLON, Brian Leslie 
1 Also satisfied the examiners in the subject of English 


The following candidates have satisfied the examiners in the subject of English: 


pix, Raymond William GARTON, David John HAMELL, Anthony McCAULEY, Daniel 


The following candidates have been permitted to enter the Examination under special conditions and have satisfied the examiners in the 
subjects indicated: 

THOMSON, Hugh Lamont+* 

VAN OMMEN, Gerrit Johan5 


WALKER, Gerald William: 4 
WHITFIELD, Charles Ronald John’ 


LEENARDS, Alibert Gerhardinus5 
MIDDLETON, James Alexander! 
SANDERSON, Desmond William+ 
SAUERLAND, Willi Nicolass5 © 
THOMPSON, Arthur John Campbell3 
6 Also satisfied the examiners in the subjects 


GROVER, Robert James Gray! 3 4 
HEDLEY, Harry! 

HEINS, Howard George! 

JAMES, Bryon Wilson! 3 4 
CORNLEY, Brian Norman! KNOWLES, Henry James? 3 4 

1 Mathematics 2 Applied mechanics 3 Heat, light and sound + Principles of electricity 
strength of materials and theory of structures 


BATEMAN, Terence William2 3 4 5 © 

BEYK, Wilhelmus Reinier 
Antonius Rumoldus5 

BROOKFIELD, Frank5 © 


5 Engineering drawing 



























BRITISH ISLES 


BEESTON, Brian 

BELSEY, Derek Charles 
BOWTHORPE, John Willis! 
BRENNAN, Francis Michael 
BRYSON, Peter John! 
cooKE, Anthony James! 
cuRRY, Robert George 5 
DAVIS, Roger Alan5 
DIXON, Ronald+ 


OVERSEA 


BADMAN, Ronald George 
CUNNINGHAM, Brian Gordon 
EWART, James Lorne! 
GuPTA, Ajoy Kumar® 

' Electrical engineering I and II 


BRITISH ISLES 


BANCROFT, George® 

BROWN, Peter Kenneth! % 
cave, Gordon Russell! 
CHAUDHRY, Sushil Prakash 
CHONG, Eric Kwok Hoong! 
CORKING, James Michael! 
DEMPSEY, Thomas Anthony! 3 
DICKER, Brian Edwin! 
DYMOTT, Peter Harry! 

ELSON, Keith James® 
FLETCHER, Charles Frederick! 
FLETT, John Robert4 

FLYNN, John Barrie! 


OVERSEA 


BADMAN, Ronald George! 
BAYER, Benjamin2 © 

BENSON, Collin Clive! 5 
BULL, William Harold 
CAHILL, Patrick Joseph! 
DICKSON, Richard James! 

1 Advanced electrical engineering 


‘ation Radioc 


THE INSTITUTION EXAMINATION (PART II) 


Electrical engineering 


THE INSTITUTION EXAMINATION (PART III) 


2 Electrical machines 
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OCTOBER 1958 


Lort, Graham Arthur! 
MARTLEW, Allan 

MAYBURY, Francis Patrick 
MORLEY, Derek! 

NORRIE, William Malcolm! 
NUGENT, Brian# 5 

PILKINGTON, Donald James! 
PRICE, Nicholas Nadine Aitken! 
RANADE, Suresh Parashuram 


DUNNE, Thomas Francis 
FORSTER, John4 5 

GREW, Richard John Mcllroy! 
HADDAD, Elfaki Ahmed?4 
HEWITSON, Leslie Gadsden? 5 
JOHNSON, Philip Ian! 

KWOK PING KI! 

LARRY, Ronald 

LLOYD, Denis George! 


LEAMAN, William Mark! 
McINTOSH, Ranald 
PARKASH, Som® 


HOLLOWAY, David Harold! 3 
JAMES, Roy Arthur 

KELMAN, Keith Douglas Edward 
5 Mathematics 


3 Engineering pitysics + Thermodynamics 


NOVEMBER 1958 


MASSEY, George® 

MITCHELL, Terence! 
MOHIDEEN, Mohamed Junaid! 
MORAGHAN, James Sylvester! 3 
mMorRRIS, George Edwin! 
NEWTON, Barry Preston! 
NORTHEN, William Patrick! 
NUGENT, Brian® 

RAMSAY, Walter Ronald! 6 
ROBERTS, Allan John! 
ROBLESS, Denis Adrian 
ROBSON, Brian! 

SAGAR, Peter! 3 


FREENEY, John Brendan$ 

GILLANDERS, Robert! 

GRIZZELL, Richard Laurence! 

HARLEY, Roland Lee 

HIRD, Colin® 

HO LYE-HON! 

HUNTLEY, Michael William 
Elliott! 

JASKOLSKI, Andrzej Stefan! 

KOTANDENIYA, Lionel Basil? 4 

LAVIN, James Vincent 

Lewis, Vernon John5 

McDONALD, Kenneth! 


MEYER, Robert James!’ 

MORGAN, Howard James 
Moncur! 7 

PUKSAND, Harry 

ROMIJN, Maarten! 7 

SAUNDERS, Leith Roy 


DUNFORD, Graeme Wilmor! 5 
EDDY, David Charles Ancell5/ 
EWART, James Lorne! 5 
GRANGER, Murray James! 
HOLLAND, Alan Dennis! 5 
McCALMAN, Laurence Chanel! 


3 Electrical measurement 4 Electricity supply 


6 


5 Electronic engineering 


RUTHERFORD, Brian5 
SHARP, Anthony Cormick2 
TEMPLAR, David Edmund! 
TIBBENHAM, William Percy 
WALKER, Brian* 
WARREN, Gabriel Patrick 
YIP SHUI CHEONG 
ZAINUDDIN, Mohammad 
Jalaluddins 


SIMPKIN, Laurence Edward! 3 
TREUREN, Gustaaf Hendrik George 
wrKeEs, Lewis Dellow 


Passed in April 1958 





SCRIVEN, John 

SHARP, Anthony Cormick! 

SHEPHERD, Brian 

TEO CHYE POH! 

THOMAS, Gwyn 

TIMMIS, Albert Gerald! 5 

TYSON, Edwin! 

uBos!I, Bertram Ogugua 
Chukwudozie® 

WIJESENA, Pitigala Kankanange 
Jinadasa2 

ZAINUDDIN, Mohammad 
Jalaluddin! 


eV" 


a 


SULLIVAN, James Warwick’ 
swiFT, Graham George 
TEN KLEY, Willem Berend!7 
VELTMAN, Frederik! 
WILSON, Albert Keith 







6 Utilization of electrical plant 
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forthcoming events at Savoy Place 


aLL meetings are held at Savoy Place, beginning at 5.30 p.m. (tea at 
§ p.m.), except where otherwise stated. The nature of the meeting is 
indicated by the following key: 

EDUCATION DISCUSSION CIRCLE 

ELECTRONICS AND COMMUNICATIONS SECTION 

INFORMAL 


MEASUREMENT AND CONTROL SECTION 


ED 
E 
1 
M 
MED MEDICAL ELECTRONICS DISCUSSION GROUP 
0 
s 
U 


ORDINARY 
SUPPLY SECTION 
UTILIZATION SECTION 


After each paper that has now been published is added the month 
when a synopsis appeared in the Journa/ under ‘Papers and monographs 
published individually this month’, i.e. about the time when the paper 
was published as a separate. A paper that has not yet been published 
will be available at least ten days before the meeting at which it will be 
read. The full list of London meetings is given in the meetings card. 


March 1959 

m 17 Tuesday G. PHILLIPS, M.Sc. Informal lecture on ‘Electrical 

uses of atomic spin’t 

Wednesday C. W. OATLEY, O.B.E., M.A., M.SC. Lecture on ‘New 

amplifying techniques’ t 

¢ 19-20 Thursday-Friday Convention on Stereophonic sound recording, 
reproduction and broadcasting (all wishing to attend are 
required to register; registration forms are obtainable from 
the Secretary) 

20 Friday SIR ARNOLD PLANT, B.SC., B.COM. Fifth Graham Clark 
Lecture. ‘Engineering in an expanding economy’{ (joint 
meeting with The Institutions of Civil and of Mechanical 
Engineers, at The Institution of Mechanical Engineers, 
1 Birdcage Walk, London S.W.1, at 6 p.m., tea at 5.30 p.m.) 

& 23 Monday M. L. GAYFORD, B.Sc. ‘High-quality microphones’ 
(Paper 2798 R) synopsis: February 1959. (in the Lecture 
Theatre) 

F. A. BENSON, D.ENG., PH.D., and P. M. CHALMERS, B.ENG. “Effects 
of argon content on characteristics of neon-argon glow- 
discharge reference tubes’ (Monograph 321 R) synopsis: 
December 1958. (in the Tea Room) 

Wednesday G. B. HARPER ‘Selection of insulation levels and 
tests for high-voltage transformers’ (Paper 2804s) synopsis: 
January 1959 


e 18 


April 1959 

0 2 Thursday SIR WILLIS JACKSON, D.SC., D.PHIL., DR.SC.TECH., 
F.R.S., will open a discussion on ‘Women in engineering’ 
(based on a report prepared under the auspices of the 


British Nuclear Energy Conference 


DETAILS of three forthcoming meetings of the British Nuclear Energy 
Conference are given below. Papers and discussions on the applications 
of nuclear energy and ancillary subjects are published in the quarterly 
Journal of the British Nuclear Energy Conference. The annual subscrip- 
tion payable by members of The Institution who wish to receive the 
Journal of the B.N.F.C. regularly is 30s. post-free. Single copies are 
available at 7s. 6d. each 


1959 

APRIL 10 Friday (6 p.m.) 

Sponsoring society and place of meeting: The Institution of Mechanical 
Engineers, 1 Birdcage Walk, London S.W.1 

James Clayton Lecture on SOME HIGHLIGHTS OF HIGH-POWER, HEAVY- 
WATER-MODERATED NUCLEAR REACTORS W. B. Lewis 

Admission is by ticket only, obtainable direct from the Secretary, 


The Institution of Mechanical Engineers. Tickets will be issued in 
strict rotation 
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Manchester College of Science and Technology and obtain- 
able from the College, price Is. 6d. per copy) 
6 Monday F. c. 
operation between the electricity and gas industries’* 
Tuesday M. E. HAINE, M.SC., and J. VINE ‘Electron-trajectory 
tracer for use with the resistance network analogue’ (Paper 
2800 M) synopsis: December 1958 


SMITH, M.B.E., Will Open a discussion on ‘Co- 


Wednesday F. E. WILLIAMS, M.SC.(ENG.), and F. C. CARTER, 
O.B.E., B.SC.(ENG.). Lecture on ‘The new Post Office 700-type 
telephone’t [supported by F. E. WILLIAMS, M.SC.(ENG.), and 
F. A. WILSON “The design of an automatic sensitivity control 
for a new subscriber’s telephone set—the British Post Office 
700-type telephone’ (Paper 2867 E) synopsis: see p. 174] 
Friday PROF. E. C. CHERRY, D.SC.(ENG.), will open a discussion 
on ‘Problems of sight, hearing and touch’ and H.c. w. 
STOCKBRIDGE, M.A., Will open a discussion on ‘The automatic 
recording and computing of results in human-engineering 
experiments’* (at 6 p.m., tea at 5.30 p.m.) 

Monday Ff. £. ROGERS will open a discussion on ‘The function 
and content of an electric theory course’* (at 6 p.m., tea at 
5.30 p.m.) 

Thursday D. 0. BISHOP, PH.D., B.SC.(ENG.), and G. S. BROSAN, 
PH.D., B.SC.(ENG.) “An electromagnetic variable-ratio torque 
convertor’ (Paper 2861 U) synopsis: see p. 174 

Tuesday Discussion on ‘The problem of maintenance of 
electronic equipment in the process industries’ 

Wednesday D. A. DEWISON ‘Electrical supplies to power-station 
auxiliaries’ (Paper 2759 s) synopsis: December 1958 

Thursday SiR DAVID BRUNT, SC.D., F.R.S. 50th Kelvin Lecture. 
‘The Geophysical Year 1957-58’ (at The Institution of Civil 
Engineers, 1-7 Great George Street, London S.W.1, at 
5.30 p.m., tea at 5 p.m.) 

Friday T. C. MACNAMARA and B. MARSDEN. Lecture on ‘Engi- 
neering aspects of commercial television programme presenta- 
tion’t 

Monday G. F. SWANN ‘The field strengths required for the 
reception of television in Bands I, III, 1V and V’ (Paper 2816 Rr) 
synopsis: January 1959 

29-30 Wednesday-Thursday (in conjunction with the British Nuclear 
Energy Conference) Convention on Thermonuclear processes 
(all wishing to attend are required to register: registration 
forms are available on application to the Secretary of The 
Institution) (to be held at The Institution of Civil Engineers, 
1-7 Great George Street, London S.W.1) 


MED 10 


ED 13 


M 21 


F 27 


* No advance information will be available, and no Press report will be permitted 
+ An abstract will be available in advance 
t No advance information will be available 


APRIL 15 Wednesday (10 a.m.) 

Sponsoring society: The Institute of Metals 

Place of meeting: Church House, Westminster, London S.W.1 
METALLURGICAL DEVELOPMENTS OUTLINED AT THE GENEVA CONFERENCE 
ON PEACEFUL USES OF ATOMIC ENERGY H. M. Finniston 


This lecture is part of the Spring Meeting of The Institute of Metals, 
which is being held from the 14th April (at 2.30 p.m.) to the 16th April. 


APRIL 29-30 Wednesday-Thursday 

CONVENTION ON THERMONUCLEAR PROCESSES 

Sponsoring society: The Institution of Electrical Engineers, Savoy Place, 
London W.C.2. Those wishing to attend must register; forms are 
available on application to the Secretary of The Institution 


Place of meeting: The Institution of Civil Engineers, 1-7 Great George 
Street, London S.W.1 


(See November 1958 Journal, p. 630 
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ANNOUNCEMENTS TO MEMBERS 








THE HOMES FUND 


SUMMARY OF CONTRIBUTIONS RECEIVED TO 
20TH FEBRUARY 1959 


No. of 
contributors a oe: 
£1000 and over 6 6000 0 0 
£100 to <£1000 30 6586 3 0O 
£5 to <£100 873 Szz3' 11 3 
£2 to <£5 2125 5828 18 0 
under £2 25693 13388 4 0 
£41026 16 5 


ELECTION OF AN HONORARY MEMBER 

AT an Ordinary Meeting of The Institution on the Sth, 
February 1959, the President announced that the Council 
had elected Mr. Charles William Speirs, J.P., F.Inst.P., 
F.C.G.I., Member, to Honorary Membership of The Institu- 
tion in recognition of his contributions to the advancement 
of electrical science and engineering, his notable services in 
these fields and his outstanding support of the work of The 
Institution, particularly the Incorporated Benevolent Fund. 


37TH AWARD OF THE FARADAY MEDAL 
AT the Ordinary Meeting of The Institution on the 5th 
February 1959, the President announced that the Council 
had awarded the Faraday Medal to Mr. Luigi Emanueli, 
Member, for his outstanding contribution of inventions and 
new applications in the field of electrical cables and particu- 
larly for the invention of the oil-filled cable. 

It was with deep regret that the Council learned of the 
sudden death of Mr. Emanueli on the 17th February. 

Arrangements will probably be made for the presentation 
of the medal to a member of Mr. Emanueli’s family in Milan 
on a suitable occasion. 


TRANSISTOR CONVENTION 

THE Rt. Hon. the Viscount Hailsham, 9.c., Lord President of 
the Council, has accepted The Institution’s invitation to 
deliver the Opening Address at the International Convention 
on Transistors and associated semiconductor devices which 
is to be held at Earl’s Court from the 21st to 27th May 1959. 


APPOINTMENTS AND NOMINATIONS 
WIRING REGULATIONS COMMITTEE 

ON the nomination of the War Office, the Council have 
appointed Mr. A. A. C. Walker, ASSOCIATE MEMBER, to serve 
on the above Committee in place of Maj. A. S. Crawford. 


OVERSEA REPRESENTATIVE 
The Council have appointed Mr. D. M. Gill, ASSOCIATE 
MEMBER, as their Oversea Representative for Ceylon in 
succession to Mr. J. H. Beaumont Robins, B.sc., MEMBER, 
who is returning to the United Kingdom. 
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OVERSEA COMMITTEES 

The Council have appointed Mr. E. E. Storey, ASSOCIATE, as 
Honorary Secretary of the Oversea Committee for South 
Australia in place of Mr. J. W. Crompton, B.E., ASSOCIATE 
MEMBER, 

The Council have appointed Mr. S. R. Anstice, Associate 
MEMBER, in place of Mr. G. T. Edgar, MEMBER, to serve on the 
Advisory Committee of the Oversea Representative of the 
Council for New Zealand. 


B.S.I. TECHNICAL COMMITTEE ACM/I—ACOUSTICAL 
TERMINOLOGY 

The Council have nominated Mr. F, E. Williams, M.Sc.(ENG.), 
ASSOCIATE MEMBER, to serve as their representative on the 
above Committee in place of Mr. W. West, 0.B.£., B.A., 
MEMBER, who has resigned. 


B.S.I. SUB-COMMITTEE ELE/I/I0—MARINE MOTORS AND 
GENERATORS 

The Council have nominated Mr. H. R. Ogle, Associate 
MEMBER, to serve as their representative on the above Sub- 
Committee in place of the late Mr. T. Golding, o.B.z,, 
ASSOCIATE MEMBER. 


B.S.I. SUB-COMMITTEE ELE/17/10—PLASTIC-COVERED CON- 
DUCTORS 

The Council have nominated Mr. C. Hughes, B.sc.(ENG.), 
ASSOCIATE MEMBER, to serve as their representative on the 
above new Sub-Committee. 


B.S.I. TECHNICAL COMMITTEES: TLE/8/3—TELECOMMUNICA- 
TION MEASURING INSTRUMENTS AND TEST EQUIPMENT— 
SIGNAL GENERATORS. TLE/8/4—-TELECOMMUNICATION 
MEASURING INSTRUMENTS AND TEST EQUIPMENT—ELEC- 
TRONIC INSTRUMENTS FOR VOLTAGE MEASUREMENT 

The Council have nominated Mr. K. H. Newhouse, MEMBER, 
to serve as their representative on the above Committees. 


PANEL OF ADVISERS TO THE MINISTRY OF LABOUR AT LEEDS 
The Council have nominated Mr. A. J. Coveney, MEMBER, to 
serve as their representative on the above Panel in succession 
to the late Mr. J. Douglas Green, MEMBER. 


CHANGE OF MEETING PLACE 

MEMBERS are asked to note that in consequence of the recon- 
struction of the Institution building referred to on p. 134, 
the following meetings will be held at The Institution of Civil 
Engineers instead of at Savoy Place: 


Ordinary Meeting, Thursday, 23rd April, at 5.30 p.m. (tea at 
5 p.m.). Sir David Brunt, sc.D., F.R.s. The Fiftieth Kelvin 
Lecture. ‘The Geophysical Year 1957-58’ 
Convention on Thermonuclear Processes, 
Thursday, 29th—30th April 
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Annual General Meeting, Thursday, 14th May, at 5.30 p.m. 
(tea at 5 p.m.). Followed at 6.30 p.m. by a lecture by Prof. 
Ff. C. Cherry, D.sc. ‘On the conceivable future of tele- 
communications’. 


CHANGE OF DATE 

MEMBERS are asked to note that the following Electronics and 
Communications Section meeting will take place on Friday, 
th April 1959, and not, as previously announced, on the 
17th April: 

Lecture by T. C. Macnamara and B. Marsden on ‘Engineer- 
ing aspects of commercial television programme presentation’. 


SUMMER MEETING OF THE 

INSTITUTION 

pETAILS of the programme of the Summer Meeting to be held 
in the North Midland Centre from the 15th to 19th June 
1959, together with a reply form, were sent to members with 
the January issue of the Journal, and there has already been 
a good response from members and their ladies wishing to 
attend. 

It is still possible to accept further entries, and it will 
greatly assist in the planning of the meeting if members 
wanting to take part will complete and return the reply form 
as soon as possible. Further copies of the announcement of 
the meeting and the reply form can be obtained from the 
Secretary. 

The Centre Committee, in arranging a programme of 
combined works visits and tours of the dales, historic houses, 
abbeys, etc., together with evening functions, have en- 
deavoured to provide a representative picture of industrial 
life in the area of the Centre and to give visitors a fairly 
extensive view of the Yorkshire countryside. 


THE INSTITUTION TIE 
MEMBERS are reminded that supplies of the Institution tie, and 
of a square (30 x 30in.) of the same design, can be obtained 
on application to the Secretary. The tie is now available in 
two qualities—heavy silk (£1 3s. 6d.) and Terylene (18s. Od.). 
The square is in Terylene only (£2 2s. Od.). 

An illustration of the tie and an explanation of the design 
appeared on p. 688 of the December 1958 Journal. 


SCHOLARSHIPS 1959 


THE Council will consider these scholarships for award this 
year: 


RESEARCH SCHOLARSHIPS 


Ferranti value £500 per annum for two years 
1M.E.A. value £420 for one year 
Oliver Lodge value £420 for one year 


CP. Sparks Fund maximum grant £100 


GRADUATE SCHOLARSHIPS (for full-time postgraduate 
study) 

Duddell 

Silvanus Thompson 


value £400 for one year 
value £400 for one year 
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STUDENT SCHOLARSHIPS 


Sir Arthur Fleming value £120 per annum for four years 


Salomons value £120 for one year 
David Hughes value £120 for one year 
Thorrowgood value £50 for one year 
Duddell value £200 for three years 
Silvanus Thompson value £200 for three years 
I.M.E.A. value £210 for one year 


The Student Scholarships are awarded to candidates 
wishing to study at undergraduate level at a university or a 
technical college and may also be awarded to candidates 
pursuing an industry-based sandwich course in electrical 
engineering. 

The closing date for the receipt of applications is the 
Ist May 1959 for Student Scholarships, and the Ist June 
1959 for Graduate and Research Scholarships. Applications 
should be made for a Research, Graduate or Student Scholar- 
ship and not for a particular named scholarship. 

Full particulars of the conditions governing the award of 
these scholarships and nomination forms may be obtained 
on application to the Secretary. 


BRITISH NUCLEAR ENERGY 
CONFERENCE 

THE British Nuclear Energy Conference was established in 
1955. It is a collaborating and co-ordinating rather than a 
controlling body. Its object is the advancement and dissemina- 
tion of knowledge covering the applications of nuclear energy 
and ancillary subjects. The Conference obtains papers 
dealing with the theory and practice of the control and use 
of nuclear energy and arranges for their presentation and 
publication; and it promotes meetings, symposia and con- 
ferences on a national and international basis. 

General meetings sponsored by the 12 individual consti- 
tuent societies are also included in the programme of the 
B.N.E.C. The societies arrange for the presentation of papers 
relevant to their own particular aspects of nuclear energy, 
and members of any of the 12 societies may attend and 
participate in meetings so sponsored. 

The Conference publishes the Journal of the B.N.E.C. four 
times a year. It contains papers presented and discussions 
arising at meetings of the Conference and of the constituent 
societies and provides between two covers a complete record 
of all the significant developments in the field of nuclear energy. 

The Journal is available for sale to the general public, but 
preferential rates of subscription apply to members of the 
constituent societies. These societies are: The Institution of 
Civil Engineers, The Institution of Mechanical Engineers, 
The Institution of Electrical Engineers, The Institute of 
Physics, The Institution of Chemical Engineers, The Institute 
of Metals, The Iron and Steel Institute, The Institute of Fuel, 
and The Joint Panel on Nuclear Marine Propulsion (com- 
prising The Institute of Marine Engineers, The Institution of 
Naval Architects, The Institution of Engineers and Ship- 
builders in Scotland, and the North-East Coast Institution of 
Engineers and Shipbuilders). 

For members, the annual subscription for the Journal of 
the B.N.E.C. is 30s. post-free (single copies 7s. 6d. each). 
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NUCLEAR REACTOR TECHNOLOGY 


THE Bradford Institute of Technology is providing a six- 
weeks’ full-time course in nuclear reactor technology from 
the 20th April to 30th May 1959. The course is self- 
contained and will cover the basic principles of the physics 
and engineering associated with nuclear power reactors. It is 
intended for those holding graduate qualifications of a 
university or professional institution, but little or no previous 
knowledge of the subject is assumed. 
















































Contents of the current issues of 
the Proceedings 


The date in italics is that of the Journal review, special article, or 
synopsis. Where given, the date in capitals is the month in which a paper 
or monograph was published individually 


PART A. POWER ENGINEERING 
(FEBRUARY 1959) 


See the Journal for February 1959, p. 119 


PART B. RADIO AND ELECTRONIC 
ENGINEERING (MARCH 1959) 


J. SWAFFIELD, PH.D., B.SC.(ENG.), AND D. L. RICHARDS, B.SC.(ENG.). 
PAPER 2666 R, JUNE 1958 Rating of speech links and performance of 
telephone networks January 1959 

D. L. RICHARDS, B.SC.(ENG.), AND J. SWAFFIELD, PH.D., B.SC.(ENG.). 
PAPER 2605 R, APRIL 1958 Assessment of speech-communication links 
January 1959 

J. S. SEELEY, B.SC.(ENG.), PH.D., AND J. BROWN, M.A., PH.D. PAPER 2735 R, 
NOVEMBER 1958 Use of disper: ive artificial dielectrics in a beam-scanning 
prism January 1959 

J. S. SEELEY, B.SC.(ENG.), PH.D. PAPER 2736 R, NOVEMBER 1958 Quarter- 
wave matching of dispersive materials January 1959 

A. CARNE, B.A., M.SC., AND J. BROWN, M.A., PH.D. PAPER 2742 R, 
NOVEMBER 1958 Theory of reflections from the rodded-type artificial 
dielectric January 1959 

K. P. SHARMA, M.SC., PH.D. PAPER 2737E_ Investigation of excitation of 
radiation by surface waves March 1959 

J. BROWN, M.A., PH.D., AND K. P. SHARMA, M.SC., PH.D. PAPER 2738 E 
Launching of radial cylindrical surface waves by a circumferential slot 
March 1959 

A. F. HARVEY, D.PHIL., B.SC.(ENG.). PAPER 2770E Parallel-plate trans- 
mission systems for microwave frequencies March 1959 


A. F. HARVEY, D.PHIL., B.SC.(ENG.). PAPER 2779E Optical techniques 
at microwave frequencies March 1959 

H. W. HAWKES, B.SC. PAPER 2776 New method of generating a 
rotating radiation polar diagram March 1959 

A. E. BACHMANN, DIPL.EL.ING. PAPER 2787£ Transistor active filters 
using twin-T rejection networks March 1959 

J. R. G. TWISLETON, B.SC. PAPER 2797E Transformation of admittance 
through a matching section and lossless waveguide junction March 1959 
PROF. H. E. M. BARLOW, PH.D., B.SC.(ENG.). PAPER 2771 E Power 
radiated by a surface wave circulating around a cylindrical surface 
March 1959 

T. S. PICK, B.SC.(ENG.), AND A. READMAN. PAPER 2758 M, OCTOBER 1958 
Recognition of moving vehicles by electronic means February 1959 

W. K. TAYLOR, B.SC., M.SC., PH.D. PAPER 2843™M_ Pattern recognition 
by means of automatic analogue apparatus March 1959 

R. L. GRIMSDALE, M.SC., PH.D., F. H. SUMNER, B.SC., PH.D., C. J. TUNIS, 
B.ENG., M.SC., PH.D., AND T. KILBURN, M.A., PH.D., D.SC. PAPER 2792 M, 
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The main topics include: nuclear physics; reactor physics: 
reactor engineering; control and instrumentation; radiation 
shielding; health physics and radiation monitoring; fue! 
cycles; chemistry of reactor fuels; physical metallurgy of 
reactor fuels; and mathematical techniques. Practical classes 
and demonstrations will be held. 

Application forms and further information can be obtained 
from the Registrar, Bradford Institute of Technology, 
Bradford 7. 


DECEMBER 1958 System for the automatic recognition of patterns 
March 1959 

R. C. M. BARNES, B.SC.(ENG.), AND J. H. STEPHEN, PH.D. PAPER 2593 M, 
APRIL 1958 Operating experience with a transistor digital computer 
January 1959 

D. ELDRIDGE, B.A. PAPER 2672 M, JUNE 1958 New high-speed digital 
technique for computer use January 1959 

L. ESSEN, O.B.E., D.SC., PH.D., E. G. HOPE, B.SC., AND J. V. L. PARRY, MSc. 
PAPER 2801M Circuits employed in the N.P.L. caesium standard 
March 1959 


PART C. MONOGRAPHS (MARCH 1959) 


J. I. MISSEN, M.SC. 310M, AUGUST 1958 Method for testing and 
establishing the rating of semiconductor rectifiers under dynamic condi- 
tions August 1958 

PROF. H. E. M. BARLOW, PH.D., B.SC.(ENG.). 311 .R, SEPTEMBER 1958 
Propagation around bends in waveguides September 1958 

P. R. BRYANT, M.A.,M.SC. 312 R, SEPTEMBER 1958 Topological investiga- 
tion of network determinants September 1958 

PROF. A. K. SMOLINSKI, DIPL.ING., D.SC., AND M. ZBIKOWSKI, DIPL.ING. 
313 M, OCTOBER 1958 Time decrease of permeability in transformer 
steel October 1958 

M. DAVIES, M.SC., PH.D. 3148S, OCTOBER 1958 Relationship betweea 
weather and electricity demand October 1958 

G. H. RAYNER, B.A. 315M, OCTOBER 1958 Calibration of inductors at 
power and audio frequencies October 1958 

D. MCDONNELL AND W. R. PERKINS 316 R, OCTOBER 1958 Interpolation 
and prediction of signals plus noise for infinite and finite smoothing times 
October 1958 

G. H. METSON, M.C., D.SC., PH.D., M.SC., B.SC.(ENG.). 317 R, NOVEMBER 
1958 Conductivity of oxide cathodes—6 November 1958 

Z. GODZINSKI. 318 R, DECEMBER 1958 Comparison of Millington’s 
method and the equivalent-numerical-distance method with the theory of 
ground-wave propagation over an inhomogeneous earth December 1958 
H. J. JOSEPHS. 319, JANUARY 1959 Heaviside papers found at Paignton 
in 1957 January 1959 

R. FEINBERG, DR.-ING., M.SC. 320 R, DECEMBER 1958 Effect of tempera- 
ture on persistence of long-persistence cathode-ray-tube screens December 
1958 

F. A. BENSON, D.ENG., PH.D., AND P. M. CHALMERS, B.ENG. 3218, 
DECEMBER 1958 Effects of argon content on characteristics of neon- 
argon glow-discharge reference tubes December 1958 

S. J. COTTON. B.SC. 322 R, DECEMBER 1958 Comparison of transient 
response of amplitude-modulated and frequency-modulated signals 
December 1958 

E. W. COLLINGS, M.SC., PH.D. 323 R, JANUARY 1959 Filament noise 
source for 3Ge/s January 1959 

E. M. DEELEY, B.SC., PH.D. 324M, JANUARY 1959 Quadratic interpol 
tion in tapped-potentiometer function generators January 1959 


PROF. G. W. CARTER, M.A., AND S. C. LOH, B.SC., PH.D. 325 M, JANUARY 
1959 Calculation of the electric field in a sphere-gap by means of dipolar 
co-ordinates January 1959 

S. S. FORTE, B.SC., PH.D. 326R, JANUARY 1959 New synthesis procedure 
for two-terminal-pair networks using symmetrical lattice structure 
January 1959 
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BULLETIN OF THE SECTIONS 





Bridging the Atlantic 

on the 10th December 1958, with Mr. G. Millington in the 
chair, Mr. A. H. Mumford gave us a delightful lecture at 
Savoy Place on transatlantic communication. Starting with 
the invention of the electric telegraph (on paper) in 1753, he 
covered the epic story of the laying of the first transatlantic 
telegraph cable just a hundred years ago—a very limited 
success because the cable failed after only a few weeks’ use. 
Nevertheless, two satisfactory cables were in use ten years 
before the telephone was invented. 

Six years after Marconi’s first experimental radio trans- 
mission (1901), a radiotelegraph service was opened; by that 
time, there were 17 working cables. Radiotelephony came 
in 1926 and, with it, picture telegraphy. (It was surely news 
to most of us that Baird successfully transmitted a crude 
television picture in 1928.) After this there was development 
of radio services using short waves; single-sideband working 
was introduced for telephony. Much was done on directive 
aerials, especially on steerable receiving systems designed to 
isolate a single ray. 

In 1952, negotiations began for the construction of the 
first transatlantic telephone cable; this was opened for public 
service in 1956. It provides, basically, thirty-six 4kc/s-spaced 
telephone circuits and, since it came into use, telephone 
traffic to the United States has more than doubled; that to 
Canada has more than trebled. 

Speaking of the future, Mr. Mumford said that we need 
more and cheaper circuits for both telephony and telegraphy; 
data transmission tends to require faster and more reliable 
circuits than have sufficed for telegraphy; finally there is 
television. Transistors will bring about a revolution in long- 
distance transmission, but much remains to be done before 
they take their place beneath the Atlantic. 

While the frontal attack is the provision of wider-band 
systems, other approaches seek to make maximum use of 
existing bandwidths. Great Britain, the Commonwealth and 
the American Telephone and Telegraph Co. have now 
adopted, for submarine cable systems, a channel spacing of 
3ke/s, giving a speech band 300-3100c/s, instead of the 
4kc/s spacing (300—-3400c/s) used on inland circuits. Bell 
Telephone Laboratories have developed equipment which, 
by occupying channels only when speech is present and 
accepting a small risk that a connection may not be available 
when needed, enables 36 circuits to handle 72 conversations. 

This principle, time-assignment speech interpolation, was 
amusingly demonstrated by a recorded imitation of two 
cockneys conducting market business over a_ telephone 
circuit becoming decreasingly available to them. 

There were other instructive and entertaining demonstra- 
tions, further varied by a digression from Mr. J. K. Webb, 
who wanted to experiment with the volume control. Finally 
we heard something of the probable future of transatlantic 
cables and of the services which they might provide. 

The discussion was lively: some speakers wanted to ask 
serious questions; others, like Mr. J. A. Smale, took the 
opportunity for reminiscences and some good-humoured 
baiting of the author. Transatlantic television was the most 
Popular topic: Mr. W. E. Willshaw was in favour of a 
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tropospheric-scatter system, and Mr. G. G. Gouriet wanted 
to add pulse-code-modulation transmission after elimination 
of picture redundancies. 

This led to some exchanges on the true nature of the 
propagation over links a few hundred miles in length and 
just how far it was due to scatter. Capt. P. P. Eckersley, 
the Section’s traditional jester, interposed some doubts 
relating to the variability of the moon as a reflector and 
added some pertinent questions on possible call charges over 
circuits of greatly reduced bandwidth and on the use of 
transistors. R. J. H. 


Acoustic design of small rooms 


IN this ‘hi-fi conscious’ era, the acoustic properties of listening 
rooms appear to interest many people outside the relatively 
small group of architects and engineers who are professionally 
interested in designing broadcasting studios. Mr. C. L. S. 
Gilford’s paper on ‘The acoustic design of talks studios and 
listening rooms’, read on the 15th December 1958 at Savoy 
Place, attracted an audience of 70 to the Tea Rocm, which 
has the acoustic properties and intimate character more 
appropriate than those of the Lecture Theatre to a talk on 
listening rooms. A short article based on the paper will be 
found on p. 149. 

After more than 50 years of work on the problems of 
room acoustics, the last 20 having seen a particularly intensive 
effort, we know a great deal about the objective performance 
of a room without being much nearer to knowing what 
objective performance should be secured to achieve a 
favourable subjective reaction. Mr. Gilford’s paper is another 
step in the chain of understanding. 

The factors governing the acoustic ‘goodness’ differ widely 
between small rooms and large halls, which justifies confining 
the paper to the problems of small rooms. After indicating 
that only axial modes of room resonance are of primary 
importance, Mr. Gilford showed that serious trouble was 
only to be expected from modes falling in a relatively narrow 
frequency range where there is an appreciable amount of 
energy in the speaking voice. This implies that music rooms 
may present a special design problem, because the acoustic- 
energy spectrum of music differs from that characterizing 
speech. 

In order to obtain a subjective judgment, Mr. Gilford’s 
organization, the B.B.C. Research Department, built a studio 
with movable walls of traditional construction, a provoking 
problem for any architect and engineer. Movable roofs have 
been a winter feature of some recently constructed council 
houses, but we gather that this was a result of too little, 
rather than too much, research. Mr. Gilford demolished 
several well established methods of improving room acoustics, 
including the very popular technique of adding polycylindrical 
plywood diffusers to the walls. The plywood manufacturers 
must regret this, for vast quantities have been used for this 
purpose. 

About a dozen members took part in a discussion that 
ranged from the acoustic advantages of singing in bath- 
rooms to Mr. Millington’s use of room resonance as an 
indication of room temperature. Mr. W. West felt that the 
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use of two speakers in a stereophonic reproducer system was 
likely to double the acoustic difficulties, but Mr. J. Moir 
disagreed. 

Mr. H. R. Humphreys pointed out that studios had to be 
multifunctional from sheer economic necessity and indicated 
that there could be few occasions when conditions were 
optimum. Rather surprisingly, no one present asked for free 
advice about correcting the acoustics of his own living rooms 
to give optimum listening conditions. 

This was a very interesting evening on a subject that requires 
a well balanced combination of art and science to achieve 
success, a balance that was also nicely held in both paper 
and presentation. J. M. 


Transistorized line communication 


TRANSISTORS have now been introduced into many types of 
communication equipment, and it came as no surprise to 
learn, from the two papers read at the well attended meeting 
at Savoy Place on the 5th January 1959, that their impact in 
the field of line-communication equipment has been no less 
significant than in other fields. 

The papers were entitled ‘The application of transistors to 
line-communication equipment’, by H. T. Prior, D. J. R. 
Chapman and A. A. M. Whitehead, and ‘The application of 
junction transistors to audio-frequency telephone-line ampli- 
fiers’, by H. G. Bassett, D. Thomson and P. E. Greenaway. 
A short account of the first of these papers is to be found on 
p. 150. 

The first paper, read by Mr. Prior, covered a much wider 
range than the second, which was read by Mr. Bassett. 

After comparing transistors and thermionic valves, the 
most important advantages of transistors being the lower 
power consumption and greater life expectancy, the authors 
discussed the problems which arise when designing apparatus 
which has to be compatible with existing valve equipment 
and when designing completely new types of system. To 
illustrate these points, equipments compatible with existing 
voice-frequency-telegraphy systems, carrier telephone channel- 
ling apparatus, three-channel open-wire systems and others 
were described. 

Considerable interest was evoked by the second half of the 
first paper, which dealt with radically new systems, including 
a rural carrier system, a 300-channel telephony system on 
miniature coaxial cable, and a pulse-code-modulation (p.c.m.) 
system, the latter having a possible application to existing 
pair cables. 

The second paper was mainly concerned with the design of 
different types of transistor amplifier for a.f. telephony. The 
main conclusion to be drawn was that, in most a.f. applications 
in line transmission, junction transistors can supplant the 
thermionic valve. 

In the ensuing discussien, which was opened by Mr. R. H. 
Franklin, a number of speakers agreed on the technical and 
economic advantages arising from the low power consumption 
of transistors but felt that at the moment there was insufficient 
evidence to show that in all applications transistors are more 
economic and more reliable than thermionic valves. In some 
instances it had been shown that, for transistorized equipment 
to be really competitive with similar equipment employing 
valves, the price of the transistor must be substantially 
reduced. 

More than one speaker referred to the stimulus which has 
been given to p.c.m. systems by the advent of reliable high- 
frequency transistors. Hitherto, p.c.m. systems have never 
proved competitive with frequency-division-multiplex systems 
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either on radio links or on cables. Now it appears possible 
that on short junction circuits a p.c.m. system employing 
transistors may prove the most attractive method of obtaining 
additional circuits from existing cable pairs. 

One speaker, to whom we shall refer anonymously ag 
P. P., refused to be drawn into a discussion of the merits or 
otherwise of transistors, to which he claimed to be anti. 
pathetic. Instead he devoted his remarks to the problem of 
the capacitors needed for transistor circuits; large values of 
capacitance are required, but the components should be of 
small size and low cost and, of course, reliable. He pointed 
out that the only electrolytic capacitors which might be 
suitable are the aluminium-foil type, which is inclined to 
become open-circuited, and the tantalum type, which is very 
expensive. 

The authors managed to answer most of the questions put 
to them, and on balance the discussion ended with honours 
about even between the idealists and the realists. 

Altogether it was a stimulating evening, and, in summing 
up, the chairman, Mr. T. B. D. Terroni, congratulated the 
authors for presenting such interesting papers so long before 
extensive field experience had been obtained. Lis 


Dielectric materials—trends and prospects 


MR. C. G. Garton opened his lecture at Savoy Place on the 
21st January 1959 by commenting on the progress which had 
occurred in the seven years since he had last given a lecture on 
this subject to the Section. 

The main body of the lecture was devoted to a survey of the 
new materials, and the large audience was enthralled by 
Mr. Garton’s excellent account of the chemistry of such 
materials. The first class he considered were polymers, 
similar in general structure to polythene, and he showed how 
the introduction of different atoms and molecules into the 
chain structure could lead to improved properties, particu- 
larly in raising the melting point and in increasing the 
resistance to electrical discharges. 

He stressed the particularly valuable properties of the 
silicones in their exceptional resistance to attack by electrical 
discharges. Among the new polymers mentioned were 
polycarbonates, Ziegler and Marlex polythenes and poly- 
propylene. These last materials are ‘isotactic’, which implies 
a regularity in the geometrical arrangement of the molecules 
in the chain not present in ordinary polythene. The virtue of 
the isotactic arrangement is the increased toughness of the 
material and its higher melting point. 

A wide variety of composite materials is now available, 
made from base materials of paper, cotton, glass, Nylon and 
Terylene impregnated with polyesters, silicones, alkyds, 
epoxies and isocyanates. Mr. Garton indicated that it is not 
yet possible to predict which material will finally predominate. 

He went on to review the position of the inorganic materials. 
Mica can now be synthesized, but the synthetic product is 
available only in polycrystalline samples and is not a complete 
replacement of the natural material. Low-loss glasses have 
been developed, and aluminium oxide has attractive possi- 
bilities as a high-temperature insulator. New ceramic materials 
based on boron, carbon, nitrogen, aluminium, silicon and 
phosphorus offer very hard insulating materials with a high 
melting point and low conductivity. In particular, boron 
nitride in the form which has the same crystal structure a 
graphite is likely to find many uses. 

Ferroelectric materials of the barium-titanate type have 
been improved by the addition of other elements, notably 
bismuth, and an increased range of working temperatures is 
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now possible. There is a possibility that materials might 
exist with permittivities as high as those of the ferroelectrics 
but without ferroelectric properties. A possibility of the next 
decade is the development of high-temperature insulators 
using inorganic polymers. 

Mr. Garton concluded by describing techniques which 
have been developed for high-voltage testing of capacitors, 
for examining electrochemical deterioration, and for meas- 
uring the contribution to the insulation resistance caused by 
jonic contamination. 

The discussion was opened by Mr. L. A. Thomas, who 
suggested that more collaboration was needed between 
electrical engineers and chemists to ensure that new materials 
were developed as insulators and not primarily for other 
purposes. On the other hand, Mr. A. C. Lynch considered 
that some suitable material could be found for each of the 
many differing insulation requirements. Later speakers 
seemed less satisfied and questioned Mr. Garton on the 
possibilities of improvements in a number of directions. 

In reply to a question on insulators in power applications, 
Mr. Garton said that improved materials were available but 
that it was too early to say if they are economic. Mr. T.R. Scott 
and other speakers mentioned the possibility of obtaining 
high effective values of relative permittivity by indirect 
methods. Mr. Garton agreed that this could be done by using 
barrier layers, but the penalties are the low breakdown 
strength and the poor loss properties. 

Mr. G. Millington closed the meeting by expressing his 
thanks to Mr. Garton for the excellence of his lecture. J. B. 


Afterthoughts on the Waveguide Convention 


THERE Can be no doubt about the success of the Convention, 
and even those intimately concerned with its organization 
were surprised at the widespread interest shown in the subject. 

At a time when important steps were being taken in 
meeting the technical problems of the tubular waveguide, it 
semed opportune to bring together the group of tele- 
communication engineers particularly interested in this 
development, so that by interchange of information between 
them a better picture might be obtained not only of the present 
position but also of the potentialities for the future. The 
Convention undoubtedly achieved that objective in full. 

Altogether, 280 delegates, including 30 from oversea, 
registered for the event; and at each of the six sessions the 
Lecture Theatre at Savoy Place was very well filled, a lively 
discussion ensued and the enthusiasm of all who took part 
was Clearly manifest. As Mr. Millington, chairman at the 
opening session, remarked, the Convention was truly of an 
international character, with delegates from America, France, 
Germany, Italy, Hungary and the Netherlands. 


Social sidelights 

The foggy weather was unfortunate because it delayed 
some of our oversea visitors, and those who had intended to 
come from Russia were unable to arrive in time. The general 
mosphere of the Convention was exceedingly friendly, 
bringing together as it did many old friends, while the dinner 
wn the opening night, when authors of papers were enter- 
laimed, made a very happy gathering under the delightful 
chairmanship of Mr. Millington. 

The post-Convention visits to Standard Telecommunica- 
ton Laboratories at Frogmore Hall, Stevenage, and to 
University College London were equally well attended, and 
le appreciation shown of the exhibits fully compensated 
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those who had put so much work into the preparation of this 
part of the programme. 

With the publication of the Convention papers and 
discussions in the Proceedings we shall be able to look more 
carefully and with deeper consideration at a very valuable 
collection of technical data, all pointing the way to a vital 
development of great practical importance to the future of 
communication engineering. 

No one attending the Convention will doubt that the 
achievement of long-distance waveguide communication is 
coming and that the possibilities offered by it are enormous. 
It would, of course, be quite wrong to imagine that the 
engineering problems associated with this development, 
particularly in fitting it into the pattern of our existing 
arrangements, are anything but a difficult and exacting 
undertaking. 


A pilot link the next step 


During the final session, Mr. F. J. D. Taylor, on behalf of 
the Post Office, gave a very clear and fair statement of the 
problems involved in this work. So far, the research teams 
have been mainly concerned, but the time has now come to 
bring fully into the enterprise those whose interest is in the 
engineering application. To that end the next step is clearly 
to set up a pilot waveguide-communication link, perhaps 
some 20 miles long, including a repeater station en route and 
all the associated terminal equipment designed so that the 
installation is capable of meeting the requirements of trunk 
operation. 





Delegates inspect the experimental stretch of waveguide at 
Frogmore Hall 


The waveguide circuit included an outgoing length of optically-straight 
hollow copper tube of circular cross-section and a return length of the 
same size of tube but made suitable for gradual bends by the use of a 
helix of anodized aluminium wire coated on the outside with a plastic. 
At the demonstration, television pictures were transmitted along the 
tubes using pulse code modulation. The capacity of such a waveguide 
is the 400 television channels 
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Only with practical experience of the behaviour of such a 
waveguide link can some of the questions still outstanding 
be satisfactorily answered, and consequently it is to be hoped 
that in this country the Post Office will be able to sponsor 
such a development. Enthusiasm for such a project is running 


SUPPLY 


Nuclear-reactor auxiliaries provide novel problems 


A PAPER on ‘The design of electro-mechanical auxiliaries 
directly associated with power-producing reactors’ was 
presented by Messrs. A. E. Harwood, P. Scott and B. H. 
Stonehouse on the 28th January 1959 at a meeting at Savoy 
Place in conjunction with the British Nuclear Energy Con- 
ference. A short article on the paper is on p. 153. The design 
difficulties encountered were emphasized in a lively discussion, 
in which a dozen members took part. 

Mr. K. P. Gibbs, opening the discussion, underlined the 
need to envisage all possible operating conditions when 
designing the control-rod system. Conditions which could 
occur rarely should be considered as normal, and conditions 
which might be considered as impossibly remote had, in the 
interests of safety, to be envisaged as possible. 

Both Mr. Gibbs and Mr. R. H. Kelsall questioned the 
reliability of the rather complicated rope-operating system 
the authors had proposed. A broad frontal attack on ropes 
as a means of operating control rods was developed by many 
speakers, based on the risks associated with rope manipula- 
tion, slackening of tension and jamming, radiation exposure 
and temperature, and frequency of flexing in a year’s service 
without maintenance or lubrication. 

Lubrication was the second major difficulty considered by 
severai speakers to be a cause of unreliability. It was generally 
agreed that if, as Mr. K. Dent considered likely, greases were 
developed that would retain high drip points and yet remain 
lubricants despite high temperature and radiation, grease- 
packed bearings would be preferable to dry bearings or the 
special molybdenum-disulphide treatments used on earlier 
designs. At the opposite extreme, the possibility of creep of 
irreversible worm-drives was referred to by Mr. P. Balmer, 
as he considered such instability could develop if vibration 
were present. 

The simplicity of the brake arrangements adopted by the 
authors had attractions, Mr. Kelsall considered, but this 
simplicity was achieved at the expense of rigidity of per- 
formance characteristics, which would mean re-design if 
serious changes were found necessary in the control-rod 
weight, as had been the case at Calder Hall. 

The arduous conditions of radiation and temperature 
in which the materials had to operate, and which restricted 
the permissible range of insulation, were discussed by Mr. 
P. R. Dunn and Mr. F. C. Walmsley. Mr. Dunn considered 
stainless steel satisfactory as a cable conductor, but Mr. 
G. C. Olver queried whether the slip-ring combination used 
by the authors took into account the difficulties which had 
been experienced in operation in the equally dry atmosphere 
encountered by high-altitude aircraft. Even the permanent 
magnets of the motors were considered suspect by Mr. J. C. 
Williams, who asked if their magnetic stability had been 
established as satisfactory over a 20 years’ life. 

The authors, in a brief reply, favoured simplicity in design 
as compared with the alternative of flexibility and associated 
complication. They preferred to use grease where possible, 
as the horror expressed in earlier days at the mere thought 
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high. Let us see to it that those who have given so much time 
and thought to the scientific problems of long-distance wave. 
guide communication are further encouraged by doing our 
best to translate their work without delay into a practical 
service for the benefit of the whole community. H. M.B. 


of allowing grease within a reactor was giving way to the 
realities of the situation in which it appeared as the lesser of 
alternative evils. 

As regards the over-all charging and servicing systems, jt 
was possible by co-ordinated activity to remove a fuel element 
from the charging machine at the bottom by means of the 
servicing machine at the top of the reactor. The authors 
agreed there was much to learn about the design of reactors 
and their auxiliary equipment. 

The Chairman, Mr. D. P. Sayers, in thanking the authors, 
expressed the feeling of the audience in paying tribute to 
their courage in exposing their designs to public discussion 
before they had had the experience of actual operation, an 
attitude which was of considerable technical value since such 
experience would not be available for several years. 

The members of the audience, for their part, might be 
excused if they deduced that the conditions of operation were 
formidable, the margin of security narrow, and the need for 
further development to reduce exposure or complication 
considerable. CE 


Light-current circulation 

ALTHOUGH it is often claimed that, in general, engineers lack 
appreciation of the humanities, such is not always the case, 
as instanced recently on the occasion of the presentation of 
a paper on cables (see February 1959 Journal, pp. 98 and 125). 
The technical interchanges led to poetic (by definition, dog- 
gerel is not excluded) efforts by interested parties with the 
following results: 


The Gas-Filled cable merchant: 

Just how able is a cable to carry volts from A to B? 

Won’t the oil tend to spoil what should be real simplicity? 

The steeper hills require more frills, more tanks and pressure 
sheaths, 

And if there’s a fire then you'll require more hoses and more 
wreaths. 

Now a Gas-Filled cable is much more able to carry volts 
from A to B, 

Self-contained and simply maintained by all at much less 
£s.d. 

Mountain ranges cause no dangers, no drainage or extra 
tanks. 

The fire risk’s less and so’s the mess, so for Gas-Filled let’s 
give thanks. E. P. Gt 


The supply man’s reply: 

We are the boys that sell the juice, 
For gas or oil we have no use. 

For lighting, cooking and for heat 
We think we've really got ’em beat. 
But what you never deign to say 

Is just how much we have to pay. 
So you can keep your prejudice; 


For us, we'll always go by price. AE. 3d. WY. 
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Provincial future 


The Western Supply Group has a full programme in 
completing the session. The close interest in rural electri- 
fication is reflected in two papers: one read on the 16th 
February 1959 by Mr. F. G. Copland at Bristol on the pro- 
tection of rural networks, and that for the April meeting to 
be held, jointly with the South-Western Sub-Centre at 
Plymouth, to discuss the contribution by Mr. F. Mather on 
earthing, which has already had an excellent reception in 
other parts of the country. Between the two meetings 
mentioned above, the 16th March will see the omnipresent 
subject of insulation dealt with at Cardiff by Mr. H. C. 
Tucker. As a finale, Bristol will welcome the extremely 
interesting topic of the 330kV system for Rhodesia, and the 
authors, Messrs. F. C. Winfield, T. W. Wilcox and G. Lyon, 
can be sure of a well supported meeting on the 20th April. 

Travelling north, the combination of supply and utilization 
sides of the South Midland Group ensures diversity of topics, 
and the supply problems created by large arc furnaces received 
attention on the 9th February. Messrs. E. P. G. Thornton 
and D. H. Booth continue their itinerary, and in March 
appear in Birmingham with their paper on the Gas-Filled 
cable system, where undoubtedly the cudgels will again be 
taken up in debate and possibly in literary effort—as witnessed 


Silicones for electrical insulation 


A GENERAL paper on silicone electrical insulation, by Mr. 
J. H. Davis, attracted a fair-sized audience to a Joint Meeting 
of the Measurement and Control and Utilization Sections on 
the 6th January 1959 at Savoy Place. A short review of the 
paper is on p. 152. The chairman, Mr. J. K. Webb, was glad 
to detect members of the other Sections present as well. 

Mr. Davis diluted the technical data given in his paper with 
background information and non-technical asides, which 
held the audience’s attention throughout. Excursions into 
history, for example, revealed that Berzelius, with the aid of 
his cook, had made silicones more than 100 years ago and 
that Kipping, during his 30-year exploration of silicone 
compounds, had found some of them ‘uninviting’. 

Failure to exploit Kipping’s work is often held against the 
British, but Mr. Davis thought this was inevitable until a 
chemical industry concentrating on the synthesis of organic 
compounds had developed: America, because it was first with 
Nylon, was well placed to be first with commercial silicones. 
Russian studies of these materials in the 1930’s had been 
similarly neglected until a suitably advanced chemical industry 
had emerged. 

The main impression Mr. Davis left was of the wide variety 
of materials available—fluids, greases, rubbers, resins, 
varnishes and filling and encapsulating compounds. Two 
features are common to all these materials: films of water do 
not form on their surfaces, so that their insulation resistance 
remains good in humid conditions, and they can survive 
higher temperatures than can organic insulants. Silicone 
materials can also be used to impregnate mica or glass cloth, 
and combinations of this kind have withstood temperatures 
of 240°C for several years. 

Because of their cost, silicones will be used mainly where 
their resistance to heat allows economies in design—for 
example, in traction or mill motors—or where the avoidance 
of fire risks is all-important, as in transformers used in mines. 

Several speakers in the discussion offered further examples 
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by the result already quoted in this Bulletin. At the April 
meeting, the utilization side comes into its own when the 
Group, at a joint meeting with the Centre, will discuss the 
adequacy of installations in flats and houses. This subject, 
which created a wide and deep discussion at the Symposium 
held at Savoy Place in November, will undoubtedly provide 
a full meeting and excellent material for discussion. 

Moving into the north-west, the Supply Group based on 
Manchester discussed in February some of the experiences 
gained at Calder Hall, and the session will be concluded on 
the 14th April with a paper, by Messrs. F. S. Fay, J. A. 
Thomas, D. Legg and J. S. Morton, on high-voltage air-break 
circuit-breakers. With the considerable local manufacturing 
interest in this type of product, the authors can expect a busy 
and eventful evening in the pleasant atmosphere of the 
Engineers’ Club. 


Annual lecture 


Preliminary announcements of the Section’s Annual 
Lecture on the 20th May 1959 have been made (January 
1959 Journal, p. 56). Mr. P. J. Squire, who will lecture on 
‘The World Bank—what it is and what it does’, is deputy 
technical director of that organization. Notes on the lecturer 
and his subject will appear in the next issue. F.C. W. 


MEASUREMENT AND CONTROL 


of the uses of silicones, illustrating them with slides; Mr. R. 
Snadow contributed the least predictable application, namely 
for gas-masks for horses (not illustrated). Mr. S. W. Messent 
described the successful use of silicones with mica to produce 
coil-support parts about 8in. wide. 

Mr. W. J. Renwick emphasized the problem of excessive 
brush wear in silicone-insulated motors; the mechanism of 
failure appears to be known, but no remedy. Mr. D. B. 
McKenzie, before tracing the somewhat hesitant adoption of 
silicones in military aircraft, pointed out that silicones had 
originated in the era represented by the portraits on the 
Lecture-Theatre walls. He wanted Mr. Davis to make an 
extrusile fluorinated silicone compound. 

Graphs of discharge voltages were provided by Dr. J. H. 
Mason, from which it appeared that silicones have better 
properties at 150°C than at 20°C, but he admitted that there 
might be some doubt about this. Mr. N. Parkman proposed 
the division of humanity into two classes, relying respectively 
on functional tests and on physical and chemical ones; he 
then showed that phenyl radicals in silicones increased the 
risk of tracking. 

Mr. E. T. Norris was doubtful whether silicones could 
withstand the high temperatures which can be reached 
temporarily when a transformer is short-circuited; Mr. Davis 
replied that they could, but Capt. P. P. Eckersley proved that 
anyway it did not matter because in these conditions a fuse 
would blow. 

In replying to these and other points, Mr. Davis displayed 
an encyclopaedic versatility, ranging from the possible appli- 
cations of bouncing putty to the use of silicones as release 
agents in the moulding of polythene and—so far as one 
could judge—providing authoritative answers on all of them. 

Mr. R. A. Marryat, Chairman of the Utilization Section, 
expressed the thanks of the meeting to the speaker; and 
Mr. Webb, not content with Mr. Davis’s assurance that 
silicones could be used to prevent lipstick stains on clothing, 
set him the task of developing a silicone face-cream. A. C. L. 
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UTILIZATION 


Diesel-electric racehorse 


THE considerable interest which exists among engineers in 
general concerning the modernization of our railways was 
clearly demonstrated by the packed Lecture Theatre at Savoy 
Place on the 11th December 1958. 

This was the occasion of a Joint Meeting with the Institu- 
tion of Mechanical Engineers, at which a Utilization Section 
paper, ‘The Deltic locomotive’, was presented by Mr. C. M. 
Cock, the chair being occupied by Mr. R. C. Bond, Vice- 
President of the Institution of Mechanical Engineers. A short 
article based on the paper is on p. 155. 

The author discussed the reasons for the production of 
low weight/power ratio locomotives and the influence of 
high-speed lightweight Diesel engines on this ratio and 
described a 3300h.p. Diesel-electric locomotive with a service 
weight of 106 tons, which, in addition to being the most 
powerful single unit yet built, is credited with possessing the 
best weight/power ratio so far achieved. A record was given 
of the experience gained while it was in service. 

An interesting colour film was also shown, illustrating in 
detail the manner in which a complete generating unit could 
be removed from the locomotive for overhaul and replaced 
by another unit in the space of a few hours. 





LONDON REPORT 


ORDINARY MEETINGS 


In a glass darkly 


A LECTURE on the research programme concerned with the 
possibilities of nuclear fusion drew a large audience to the 
Ordinary Meeting held in the Institution building on the 
4th December 1958 in conjunction with the British Nuclear 
Energy Conference. The speaker, Mr. D. W. Fry, Deputy 
Director of A.E.R.E., Harwell, having been largely responsible 
for directing the British effort in this field, was ideally qualified 
to present such a review lecture. 

He began by presenting the basic arguments leading to the 
possibilities of a useful power source. He indicated the 
requirements for both ignition temperature and the times for 
which a given density of plasma must be maintained at such 
temperatures. 

These criteria assume no conduction or other loss mecha- 
nisms, and Mr. Fry described how magnetic forces play their 
part in helping towards this end by stabilizing the plasma 
and inhibiting the flow of particles towards the walls. 

The relations between magnetic energy density and particle 
energy were underlined, and the lecturer pointed out that 
the toroidal-pinch device was one of the few allowing 
B = nkT/B?/8m to approach 4, in contrast to the smaller 
values possible in the mirror machines. 

The stability criteria for a pinched discharge were outlined, 
and the speaker’s laconic comment that the state of the 
theory for volume-distributed currents was not too healthy 
covered in a few words a major factor contributing to much 
of = difficulty in interpreting results of present experimental 
work. 

The lecturer reviewed the main features of the experimental 
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The discussion which ensued and in which a large number 
took part was opened by Mr. H. C. Johnson of British 
Railways, who remarked that most of the initial troubles 
which had been experienced seemed to arise from the auxijl. 
iaries and that, speaking as a non-engineer, he felt that ‘some 
of the plumbing’ was inaccessible. He also referred to the 
operating difficulties which were associated with the present 
stage of the modernization programme on the railways, 
which consisted of a mixture of steam, Diesel-electric and in 
some cases electric traction. 

One speaker suggested that, if a scheme of changing the 
gear ratio could be incorporated, a general-purpose mixed- 
traffic-duty locomotive would probably be provided. With 
such an arrangement it would be possible, by the turning of 
a handle, for a locomotive engaged on passenger duty to be 
converted for use on freight duty or, as he very succinctly 
put it, to ‘change a racehorse into a cart-horse’. 

Another contributor expressed the hope that something 
might be done to reduce the noise and vibration of the 
Diesel engine. 

A vote of thanks to the author was proposed by Mr. R. A. 
Marryat, Chairman of the Utilization Section, and Mr. C. T, 
Melling, a Vice-President of The Institution, thanked Mr, 
Bond for presiding at the meeting. R. H.R. 


devices as revealed by the United Kingdom, the Soviet 
Union and the United States at Geneva and described the 
rotational transform concept of the Stellerator but pointed 
out that stability in this device was limited to low currents 
and densities. 

He outlined the principles underlying containment in 
mirror fields arising from the invariance of total particle 
kinetic energy and mentioned that scattering losses were the 
major difficulty, demanding ignition temperatures much 
higher than in the pinch case. Even so, a mirror device witha 
plasma sufficiently dense to yield a net return might be unstable, 

The discussion was opened by Mr. H. West, who, impatient 
with the physicists, wanted the solution to the problems of 
heat extraction. Mr. Fry indicated that the chamber walls 
would be used as primary heat exchangers and that neutrons 
could also be used in an absorbing blanket, while in reply to 
Mr. C. H. Flurscheim, who was keen to have done with 
thermal cycles entirely, he agreed that direct conversion of 
nuclear to electrical energy was a possibility, even if a remote 
one. 

Mr. Fry refused to be drawn by Dr. J. S. Forrest on the 
details of the United Kingdom research programme, indica- 
ting that there was a lot to be learnt but agreeing that more 
than one approach should be undertaken. 

In reply to Mr. E. Robinson, the lecturer indicated that 
DCX, Astron and the Stellerator might be operated in @ 
continuous sense. 

The President thanked Mr. Fry for reviewing a vast field 


of effort and commented aptly that the cost of such a research § 


programme must also be vast. D. RC. 
JOURNAL I.E.E. 
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Hunter Memorial Lecture 


qe annual Kelvin and Faraday Lectures, one normally 
delivered by a well known physicist to engineers and the 
other by a well known engineer to the general public, have 
long been accepted as great Institution occasions; now we 

have a third, the Hunter Memorial Lecture, delivered by a 
well known engineer to other engineers, and the first of this 
series Of lectures, delivered by Mr. C. O. Boyse, B.SC.(ENG.), 
on the 8th January 1959, was undoubtedly another great 
occasion. 

In his introductory remarks, the President recalled that the 
Council had been very happy to accept the offer by British 
Insulated Callender’s Cables Ltd. to provide funds for a 

anent memorial to the late Philip Vassar Hunter. It had 
been decided that this would take the form of a lecture, to be 
delivered annually in London or at a Local Centre or Branch 
and to be repeated, if thought appropriate, at one or more of 
the Local Centres and Branches. 

In view of P. V. Hunter’s close association with Newcastle 
upon Tyne and Liverpool, Mr. Boyse had been asked to 
repeat his lecture at the North-Eastern Centre, the Tees-Side 
Sub-Centre and the Mersey and North Wales Centre. 

Philip Vassar Hunter, Past-President and Honorary 
Member of The Institution, was born in 1883, and Mr. Boyse 
drew a graphic picture of life in Britain at this time, when 
electricity had not yet made any impact on the lives of the 
people. Hunter came of Norfolk farming stock, but at the 
age of 16, inspired by the achievements of Ferranti, he 
decided to become an electrical engineer, although this was 
much to the disapproval of his father, who feared he would 
never be his own master. 

After brief ‘apprenticeships’ he applied, stretching his age 
somewhat, for a post at £3 per week in Newcastle and thus 
started a 15-year association with the north-east coast and 
with such famous engineers as Beard, Merz and Price. The 
Merz-Hunter and the Beard-Hunter feeder-protection 
schemes, although now historic, perpetuate his name. 

Following valuable work on submarine-detection devices 
during the First World War, Hunter was approached by 
Sir Tom Callender and as a consequence joined Callender’s 
Cable and Construction Co., where he remained for the 
remaining 37 years of his life; many men selected by Hunter 
to cope with the post-war rush have since become famous 
and have acknowledged the great debt they owed to P. V. for 
his help and encouragement. 

In 1933, Hunter became one of our youngest Presidents, 
and, during this inter-war period, he staked his professional 
reputation on the success of the direct gas-pressure cable by 
putting down the first commercial installation of this type on 
the system of the Metropolitan Electric Supply Co. 

The Second World War brought, among many other 
problems, a demand for a heavy-current buoyant cable for 
towing behind minesweepers to ‘sweep’ magnetic mines. 
With his characteristic of looking at a problem first in the 
normal way and then in reverse, Hunter quickly devised a 
successful cable in which the buoyant material (cork) was 
inside and the conductor material on the outside. This cable 
Was put into production only eight weeks from the dis- 
mantling of the first intact magnetic mine. 

In the latter part of his lecture Mr. Boyse gave a glimpse 
into the future and referred to the immense possibilities 


| pening up with the developments in d.c. transmission, 
ast field § 


tansoceanic telephony, computers, electric traction, nuclear 


_ ‘ergy and many other fields. He also stressed the inter- 


dependence of civil, electrical and mechanical engineers and 
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the need for ordered thinking. He even went so far as to 
suggest that The Institution might introduce a new class of 
membership for imaginative thinkers who had no time or 
patience to comply with the normal academic and practical 
requirements. Had there been such a class in the past, there is 
no doubt that Mr. Hunter, although highly qualified academi- 
cally, would have been one of its most illustrious members. 





Mr. C. O. Boyse giving the first Hunter Memorial Lecture on 
the 8th January 1959 at Savoy Place 


In proposing a vote of thanks to Mr. Boyse for his memor- 


able lecture, Col. B. H. Leeson, Past-President, referred to his 
own early association with Hunter when, at a salary of £4 
per week, he had to design the somewhat complicated switches 
that were associated with the Hunter split-conductor pro- 
tective system. P. V., he said, invariably worked hard, but he 
also played hard, not only as a sportsman but also on the 
numerous social occasions connected with his many inter- 
national commitments. Col. Leeson also paid a warm tribute 
to the successors of Callender’s Cable and Construction Co., 
served so well by Hunter, whose generosity has made possible 
the founding of this memorial lecture. 


Those who heard the lecture came away with a vivid 


picture of a great engineer and cannot fail to have gained 
inspiration from his achievements. 


E. O. T. 


DISTRICT MEETING AT OXFORD 


No cold feet 


mr. S. C. Dinenage delivered a lecture on off-peak heating 
and electrical floor-warming at the meeting on the 2lst 
January 1959. As it was considered beforehand that this 
meeting would also be of interest to them, an invitation was 
sent to the Oxford Society of Architects. Thirty architects 
attended, as well as 86 members and guests. 


Mr. Dinenage gave a most interesting and informative 


lecture dealing with most known forms of floor warming. 
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He showed methods of laying and dealt with civil-engineering 
requirements, cost of operation and methods of control. 
Some very fine colour slides illustrated his remarks. 

After a short break for refreshments, a film was shown 
which had been made by Mr. Dinenage and Mr. F. Atkinson, 
who was present in support of the lecturer. A lively discussion 
followed involving both architects and electrical engineers; 
in fact the chairman, Mr. J. L. Taylor, was reluctantly forced 
to bring the meeting to a close with the discussion still at its 
height to enable members to catch their buses etc. 


NEWS from the Centres 


SOUTHERN CENTRE 


Weymouth District Meeting 


AT the District Meeting in Weymouth on the 31st October 
1958 at the South Dorset Technical College, Sir Josiah 
Eccles gave members a vivid description of his three-week 
tour in the Soviet Union in April 1956, when he led a party 
of British engineers at the invitation of Mr. Malenkov. An 
account of his impressions was published in the March 1957 
Journal, p. 142. 

He recalled that, although the hotel in Moscow where the 
party stayed was equal in comfort and luxury to any first-class 
Western hotel, the view from its rear windows revealed a city 
of unmade roads and crudely built wooden shacks, many 
without a piped water supply. These lay behind the imposing 
facades of the main thoroughfares. 

In industry there was no commercial competition, but a 
system of incentives and penalties ensured keenness among 
workers and managers alike, for bonus payments represented 
about 40% of their earnings. These were forfeited while a 
machine was out of action by all the workers operating that 
machine. 

Work was strictly regulated to eight hours each weekday 
and six on Saturday. No overtime was allowed unless made 
necessary by accidents. For work which was continuous by 
nature, shifts were organized, at normal rates of pay. 

The discussion was opened by Mr. W. K. Grimley, and at 
the end of a most interesting evening Mr. R. N. Hansford 
proposed a vote of thanks to Sir Josiah, and the chairman, 
Mr. G. Bishop, brought the meeting to a close. J. H. M. 


WESTERN CENTRE 


Supply Group 
THE Western Supply Group under the able leadership of Mr. 
A. G. Milne is carrying on with success, and the meetings 
this year have reflected great interest in the papers given. 
The session was opened by the Chairman’s Address on ‘Art 
and the engineer’ on the 20th October 1958, when there was 
a good attendance. 

The most successful meetings appear to be the informal 


200 





Mr. K. A. Stevens, F.R.1.B.A., Chairman of the Oxford 
Society of Architects, proposed a vote of thanks to the 
lecturer and to Mr. Atkinson and said that he was convinced 
that his colleagues would now be reconsidering their heating 
problems in the light of the reassuring information they had 
received that evening. 

Members complimented Mr. Dinenage on an excellent 
lecture, making particular reference to the very high quality 
of the film, which it was understood, to quote Mr. Atkinson, 
was made ‘on a shoestring’. Loe 


ones, particularly when the speakers are local. The fact that 
these informal meetings, at which so much interest and 
enthusiasm are displayed, are not held more often than they 
are seems to indicate that we either underestimate the talent 
in our midst or fail in our ability to induce the talent to come 
forward. 

An informal meeting of the best type was that on the 17th 
November 1958, when Messrs. R. S. Atkinson and K., T, 
Oakley, members of the Centre and employed by the C.E.GB. 
at Cardiff, presented two papers, one on the ‘Operation of 
power stations’ and the other on ‘Power-station auxiliaries’ 
There was a large attendance, and the discussion was lively 
and instructive. The two speakers ably defended themselves 
and elaborated their ideas where necessary. 

It seems that we have been pleasurably surprised by their 
confident manner, and we expect that this success will 
encourage the Supply Group to seek pastures new. We hope 
that diffident speakers will be encouraged to accept invitations 
extended to them and that others will come forth and offer 
their services. The only criticism we can offer regarding this 
meeting is that there was an apparent waste of material, as 
either speaker with his subject could well have had the 
meeting to himself. 

A very successful visit to the Severn Tunnel pumping 
station was made earlier in the session. The Group have made 
it a custom to have their visit in October, and it seems to 
meet the general wishes very well, in that the attendance is 
invariably good. We believe that the Group are already 
planning the next October visit, which we understand will bk 
on the south side of the Bristol Channel. D.JT. 


Annual Dinner 


WE are now again approaching our annual social function, 
the Dinner, which is the culminating peak of the session and 
to which so many look forward. The Chairman in particula 
looks forward to it with some pride, if not a little anxiety, and 
all of us hope that it will prove as good as or even better than 
those admirable ones of previous years. 

This year the function is to be held at the Grand Hotel 
Broad Street, Bristol (not the Grand Spa Hotel, where it often 
has been previously), on Friday, the 3rd April. The President 











Mr. S. E. Goodall, is expected to be present. Tickets are nov 
available from the Honorary Secretary, and early applicatio 
is advised. 


JOURNAL L.E.E 
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Summer Meeting 


The Western Centre has in the past held its own Summer 
Meetings, and the location is varied, being on the north side 
of the Bristol Channel one year and on the south the following 
year, according to the Chairman’s place of residence. This 
year it is on the south side, and Carlyon Bay, near St. Austell, 
has been chosen. A previous census indicated that sufficient 
numbers might come to warrant booking the whole of the 
Carlyon Bay Hotel, and the Committee have been enter- 
prising enough to do this. 

To get a hotel to ourselves in such a location is an achieve- 
ment of our Assistant Honorary Secretary, Mr. W. Dudley 
Morgan, and the Committee now expect to get the full 
support of members and their friends to make this meeting, 
from the 8th to 11th May 1959, a great success. 

Given the right weather the location is excellent for a 
wonderful weekend, and even if the weather is not kind there 
is plenty of indoor amusement. 

We feel sure that anyone outside the Centre who wishes to 
join us will be favourably considered by the Committee. 

D. 3. F 


EAST ANGLIAN SUB-CENTRE 


Past technical occasions 


at the first meeting of the second half of this session on the 
(9h January 1959, Mr. G. Lyon travelled from Newcastle 
to Cambridge to read his paper ‘Design of the 330kV trans- 
mission system for Rhodesia’. The paper provoked a long 
and interesting discussion on power-system design. 

At the meeting in Ipswich on the 26th January 1959, a 
local informal paper was provided by Mr. Tom Smith on 
High-voltage switchgear for distribution systems’. This was 
an interesting lecture with films showing mainly the initiation 
and extinction of arcs in switchgear. 


Future technical occasions 


The last meeting of the session will be 
held in Norwich on the 20th April, when 
Mr. J. Moir will talk on ‘High-quality 
sound reproduction’. This will be preceded 
by the Annual General Meeting, when 
the Sub-Centre Committee will present its 
Annual Report. 


Social occasions 


The third Annual Dinner-Dance of the 
Sub-Centre, held at Cambridge on Friday, 
the 9th January, was attended by over 
\S0members and their ladies. The Chairman, 
Mr.R. A. W. Connor, proposed the toast of 
‘Our Guests’, and Mr. D. E. Lambert (Chair- 
man, East Midland Centre) responded on 
their behalf. The number of members 
attending increases annually, indicating the 
healthy growth of the youngest of the 
Sub-Centres. 

The next Dinner-Dance will be held on 
Friday, the 8th January 1960, at Cambridge. 

N. H. 
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NORTH STAFFORDSHIRE SUB-CENTRE 


Electrical floor warming 


AT the meeting at Stoke on Trent on the 21st November 1958, 
the Chairman, Mr. R. W. Palmer, formally welcomed two 
new Corporate Members and then invited Mr. W. M. 
Stevenson to read the paper ‘Electrical floor warming’, 
written by Mr. J. W. Moule and himself. Mr. Stevenson’s 
talk was profusely illustrated by slides and a film showing 
the installation of floor-warming cables, not only in flats and 
houses but also in large factory and shop-floor areas, in both 
the withdrawable and directly embedded systems. 

Opening the discussion, Mr. S. Scholefield said that, in his 
experience locally, the directly embedded system was cheaper 
to install and compared favourably with the withdrawable 
system in cost of maintenance and possibility of faults 
arising. If a fault did occur, it could be located precisely and 
repaired without permanent damage to the floor surface. 
He thought that a floor-heating installation would have a 
life equal to that of the building and that all new premises 
should therefore be equipped during construction if they 
were to meet present and future requirements satisfactorily. 

The general discussion produced many interesting contri- 
butions and questions which were dealt with adequately by 
Mr. Stevenson. In proposing a vote of thanks to him, Mr. E. 
Jones said it was very refreshing to have such a valuable 
paper on electric heating to counter the wide publicity given 
to solid, liquid and gaseous fuels, and the number of satisfied 
users of this type of heating was growing rapidly all over the 
country. He regretted he could not do much about it in his 
own case because of the wooden floors—except perhaps to 
buy another house. 


Joint Annual Dance 


The Joint Annual Dance at Stone on the 28th November 
1958 was a very pleasant sccial function. On this cccasion 





Annual Dinner-Dance of the East Anglian Sub-Centre on the 9th January 1959 


Showing (from r. to |.) Mr. and Mrs. N. Hiller, Mr. and Mrs. D. E. Lambert, Mr. R. A. W. 
Connor, Miss A. Barter, and Mr. and Mrs. N. C. Rolfe 
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the arrangements were made by a joint committee consisting 
of both senior members and Graduate and Student Section 
members, and they are to be congratulated on the successful 
result. Mr. W. E. Darby was again an inimitable M.C. 


Mercury-arc inverters 


The December 1958 meeting was held at Stafford on the 
15th, when Mr. Palmer welcomed a number of senior students 
from the Technical College. The paper by Mr. D. L. Smart 
and Mr. J. J. L. Weaver on ‘The use of steel-tank mercury- 
arc inverters for generating medium frequencies for induction 
heating’ was read by Mr. Weaver and amply illustrated by 
slides. (A short review of this paper appeared in the July 1958 
Journal, p. 392.) 

The paper describes in a non-mathematical way the use of 
a 6-anode mercury-arc inverter for the production of up to 
about 250kW of power at 1000—2000c/s for such purposes 
as forge heating and melting. 

The discussion was opened by Dr. T. E. Calverley, who 
drew particular attention to the ingenious way in which the 
one equipment was used as both rectifier and inverter at the 
same time. 

Mr. P. Finch, proposing a vote of thanks, said this was 
one of the few occasions when the proposer had travelled 
further than the author. It was always particularly pleasing 
to be able to invite speakers from our own Sub-Centre, as 
on this occasion. 


New appointments 


The Chairman announced that, for business reasons, Mr. 
D. H. Tompsett had resigned from the positions of Honorary 
Treasurer and Assistant Secretary and that the Committee 
had therefore appointed Mr. W. T. Warnock Honorary 
Treasurer and Mr. A. P. Baines Honorary Assistant Secretary 
for the remainder of the session. 

Also, following the resignation of Mr. L. Hewitt, Mr. H. 
Duckworth has been appointed an auditor for the Sub-Centre 
accounts. L. G. 


SHEFFIELD SUB-CENTRE 


A ‘light-current’ meeting .. . 
THE paper on a remarkable flat television tube attracted no 
fewer than 120 to the meeting on the 17th December 1958, 
some from as far as Bradford. Such a good attendance, 
immediately before Christmas, when attendances are often 
very low, was at once a tribute to the authors and evidence 
of interest in light-current matters and of a demand for light- 
current papers. The paper was ‘A new cathode-ray tube for 
monochrome and colour television’, by Prof. D. Gabor, 
Dr. P. R. Stuart (who presented it) and Dr. P. G. Kalman. 
An article based on the paper appeared in the November 
1958 Journal, p. 609. 

Mr. A. H. Mumford, a Vice-President of The Institution, 
honoured the Sub-Centre by attending this meeting and the 
committee meeting that preceded it. 


. and a ‘heavy-current’ meeting 


Sir Christopher Hinton provided an audience of 200 with an 
extremely interesting evening during his lecture to the 
Sheffield Sub-Centre on the 22nd January 1959. 
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In his own masterly way Sir Christopher reviewed electricity 
generation by conventional thermal power stations and by. 
nuclear power stations, now and in the future. He alga 
reviewed the problems of distribution in the light of the 
doubling of demand every ten years. 

The Sub-Centre was honoured by the presence of the Lord 
Mayor of Sheffield, Alderman J. W. Holland, J.P., fo 
Chairman of the City’s Electricity Committee (before 
nationalization) and now Deputy Chairman of the Yorkshire 
Electricity Consultative Committee. F.G.T, 


=? 


(Steffield Telegraph and Su 


Sir Christopher Hinton is seen here (extreme 1.) talking 
(from I. to r.) Dr. F. A. Benson, Chairman, Sheffield 

Centre, Mr. A. J. Coveney, Immediate Past-Chairman, No 
Midland Centre, and Mr. J. Sykes,. Honorary Secretary 
Sheffield Sub-Centre, at the meeting of the Sheffield Sube 
Centre on the 22nd January 1959 * 
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OVERSEA ATTENDANCE REGISTER 


DURING the period 19th January to 16th February 1959, these 
members called at the Institution building and signed the Attendangy 
Register of Oversea Members: 


ANNIS, E. (Kuala Lumpur) 

ARUMUGAM, T. V. (Colombo) 
BOCCAIERO, A. B. (Milan) 

DATTA, S. (Calcutta) 

DEITON, D. H. (Lagos) 

DRUMMOND, B. G. (Darien, Connecticut) 
LEUTY, S. (Singapore) : 
MAGLIONE, R. V. (Dar es Salaam, E. Africa) 
MALIK, A. (Lahore, W. Pakistan) 
MARTINOFF, M. (Paris) 

MBIWAN, E. A. (Owerri, Nigeria) 

OLO, J. (Kuala Lumpur) 

WOODFALL, D. (Mexico City) 


The Journal in orbit 


A GRADUATE member, who until recently was an electt 
officer in the Merchant Navy, has reported receiving his ¢ 
of the Journal with the wrapper, which was in excellent sit 
adorned with these postmarks: London W.C.2, Lo 
S.W.1, Liverpool, Singapore, Yokohama, Hong 
Rotterdam, Liverpool, London E.16 and Singapore 
following voyage). 
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